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A plant is provided which contains at least one dehiscence zone (DZ>$clective chimeric gene incorporated in the nuclear genome 
of its cells, wherein said DZ-selective chimeric gene comprises the following operably linked DNA fragments: a) a transcribed DNA 
region encoding: I) a RNA which, when produced in cells of a particular DZ of the plant, prevents, inhibits or reduces the expression in 
said DZ cells of an endogenous gene of the plant encoding a cell wall hydrolase, particularly an endopcriygalacturonase, or, 2) a protein 
or polypeptide, which when produced in said DZ cells, kills or disables them or interferes with their normal metabolism, physiology or 
development; b) a plant expressible promoter which directs expression of said transcribed DNA region at least in said DZ cells, provided 
that if said transcribed DNA region encodes a protein or polypeptide, or encodes an antisense RNA or ribozyme directed to a sense RNA 
encoded by an endogenous gene that is expressed in said plant in cells other than said DZ cells, said plant expressible promoter is a DZ- 
selective promoter, which directs expression of said transcribed region selectively in said DZ cells and wherein said plant is characterized by 
modified dehiscence properties, preferably delayed dehiscence, when compared to a plant not containing said DZ-selective chimeric gene. 
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SEED SHATTERING 
INTRODUCTION 

The present invention relates to DNA sequences, comprising nucleic acid 
fragments encoding dehiscence zone-selective proteins, particularly cell wall 
hydrolases such as polygalacturonases, the regulatory regions of the 
corresponding plant genes and their use for modifying dehiscence properties in 
plants, more particularly pod dehiscence properties in Brassica napus. 

BACKGROUND OF THE INVENTION 

Loss of yield due to seed shedding by mature fruits or pods, also called 
pod dehiscence or pod shatter, as well as concomitant increase in volunteer 
growth in the subsequent crop year, are a universal problem with crops that 
develop dry dehiscent fruits. An economically important crop to which these 
adverse properties specifically apply is oilseed rape: up to 50% of the potential 
yield may l e lost under adverse weather conditions. 

Dry dehiscent fruits, also commonly called pods, may develop from a 
single carpel (such as the legume in many Fabaceae) or from more than one 
carpel (such as the silique in many Brassicaceae). In case of the silique, the pod 
consists of two carpels joined margin to margin. The suture between the margins 
forms a thick rib, called replum. As pod maturity approaches, the two valves 
separate progressively from the replum, eventually resulting in the shattering of 
the seeds that were attached to the replum. 

Ultrastructural investigation have demonstrated that pod shatter is 
associated with the precise degradation of cell wall material at the site of pod 
valve separation (i.e., the suture). The degradation of the cell wall and loss of 
cellular cohesion prior to dehiscence is predominantly attributed to solubilization 
of the middle lamella of the cell wall. This middle lamella is found between 
primary cell walls and is the cement that holds the individual cells together to form 
a tissue. Cell s paration is preceded by an ethylen climacteric, which t mp rally 
correlates with a tissue-specific increase in the activity of the hydrolytic enzyme 
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cellulase (b ta-1,4-glucanase) and this occurs specifically in a lay r of cells along 
the suture, which is called the dehiscence zone. In contrast, the activity of the cell 
wall degrading enzyme polygalacturonase exhibits no correlation either 
temporally or spatially with pod dehiscence [Meakin and Roberts (1990), J. Exp. 
Bot. 41; 1003]. Pod dehiscence at an early stage of development is characteristic 
of infestation by the pod midge Dasineura brassicae. A localized enhancement of 
both polygalacturonase and cellulase activity has been observed. However, 
regulation of midge-induced and maturation-associated shatter was found to be 
different [Meakin and Roberts (1991), Annals of Botany 67: 193]. 

At first sight, the process of pod dehiscence shares a number of features 
with abscission wherein plants shed organs, such as leaves, flowers and fruits. It 
has been observed that ethylene induces or accelerates abscission, whereas 
auxin inhibits or delays abscission. A decisive step in abscission is the highly 
coordinated expression, synthesis and secretion of cell wall hydrolytic enzymes in 
a discrete layer of cells, called the abscission zone. Cellulases (beta-1,4- 
glucanases) constitute one class of such cell wall hydrolases. Cellulase activity 
has been identified in various tissues including leaf abscission zones, fruit 
abscission zones, ripening fruit, senescent cotyledons and styles and anthers 
[Kemmerer and Tucker (1994), Plant Physiol. 104: 557 and references therein]. A 
second class of hydrolases involved in abscission of mainly fruits are 
polygalacturonases of which distinctive isoforms have been identified [Bonghi et 
al.(1992), Rant Mol. Biol. 20: 839; Taylor et al. (1990) Planta 183: 133]. 

Kadkol et al. [(1986). Aust. J. Biol. 34: 79] reported increased resistance 
towards shattering in a single, Australian accession of rape. Variation in pod 
maturation has further been observed in mutants of rape stemming from 
irradiated seeds [Luczkiewicz (1987), Proc. 7th Int. Rapeseed Congress 2: 463]. 
It can however be concluded that traditional methods for breeding have been 
unsuccessful in introducing shatter resistance into rape cultivars, without 
interference in other desirable traits such as early flowering, maturity and blackleg 
resistance [Prakash and Chopra (1990), Genetical Research 56: 1]. 
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Despite its conomic impact very little is known concerning the molecular 
events and changes in gene expression that occur during oilseed pod 
dehiscence. At present, two pod-specific mRNAs whose expression is spatially 
and temporally correlated with pod development have been described. However, 
the function of the encoded proteins is unknown. [Coupe et al. (1993), Plant Mol. 
Biol 23: 1223; Coupe et al. (1994), Plant MoL Biol. 24: 223]. PCT publication 
WO94/23043 in general terms describes an approach for regulating plant 
abscission and dehiscence. 

Accordingly, it is an object of the present invention to provide dehiscence 
zone-selective genes in plants. 

These and other objects are achieved by the present invention, as 
evidenced by the summary of the invention, description of the preferred 
embodiments and claims. 

SUMMARY OF THE INVENTION 

The present invention provides dehiscence zonefDZ>selective genes of 
plants, cDNAs prepared from mRNAs encoded by such genes, and promoters of 
such genes. In particular this invention provides the cDNA of SEQ ID No 1 and 
the promoter of a gene encoding a mRNA wherein a cDNA of that mRNA has 
substantially the nucleotide sequence of SEQ ID No 1. More particularly, in a 
preferred embodiment, the present invention relates to the promoter as contained 
within the 5' regulatory region of SEQ ID No 13 starting at position 1 and ending 
at position 2,328. 

In another aspect, the present invention also provides DZ-selective 
chimeric genes, that can be used for the transformation of a plant to obtain a 
transgenic plant that has modified dehiscence properties, particularly modified 
pod-dehiscence properties, when compared to plants that do not contain the DZ- 
selective chimeric gene, due to the expression of the DZ-selective chimeric gene 
in the transg nic plant. 
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In yet another aspect, the present invention thus provides a plant 
containing at least one DZ-selective chimeric gene incorporated in the nuclear 
genome of its cells, wherein said DZ-selective chimeric gene comprises the 
following operably linked DNA fragments: 

a) a transcribed DNA region encoding : 

1) a RNA which, when produced in the cells of a particular DZ of 
the plant, prevents, inhibits or reduces the expression in such cells 
of an endogenous gene of the plant, preferably an endogenous 
DZ-selective gene, encoding a cell wall hydrolase, particularly an 
endo-polygalacturonase (an "endo-PG"), or, 

2) a protein or polypeptide, which when produced in cells of the 
DZ, kills or disables them or interferes with their normal 
metabolism, physiology or development, 

b) a plant expressible promoter which directs expression of the transcribed 
DNA region at least in cells of the DZ, provided that if the transcribed DNA 
region encodes a protein or polypeptide, or encodes an antisense RNA or 
ribozyme directed to a sense RNA encoded by an endogenous plant gene 
that is expressed in the plant in cells other than those of the DZ, the plant 
expressible promoter is a DZ-selective promoter, i.e., a promoter which 
directs expression of the transcribed region selectively in cells of the DZ 

Preferably the transcribed DNA region encodes a protein or polypeptide 
25 which is toxic to the cells in which it is produced, such as a bamase ; a protein or 

polypeptide that increases the level of auxins or auxin analogs in the cells in 
which it is produced, such as a indole-3-acetamide hydrolase and/or a tryptophan 
monooxygenase ; a protein or polypeptide that increases the sensitivity to auxin 
in the cells in which it is produced, such as the rolB gene product; or a protein or 
30 polypeptide that decreases the sensitivity to ethylene in the cells in which it is 

produced, such as the mutant ETR1-1 protein or another ethylene receptor 
protein. 
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In another preferred embodiment of this inv ntion, the transcribed DNA 
encodes an RNA, such as an antisense RNA or a ribozyme, part of which is 
complementary to the mRNA encoded by a gene which is naturally expressed in 
the DZ, preferably a DZ-selective gene. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
OF THE PRESENT INVENTION 

As used herein, the term "dehiscence" refers to the process wherein a 
plant organ or structure, such as an anther or fruit, opens at maturity along a 
certain line or in a definite direction, resulting in the shedding of the content of 
said organ or structure. In some of its aspects the process of dehiscence is 
reminiscent of the process of abscission, wherein a part or organ, such as a leaf, 
flower or fruit, is separated from the rest of the plant. 

As used herein, the term "pod" means a dry dehiscent fruit that consists of 
one, two or more carpels. In oilseed rape the pod is a bivalve silique, wherein the 
valves are delineated by longitudinal dorsal and ventral sutures, which comprise 
the dehiscence zones. 

As used herein, the term "pod dehiscence" means the process wherein a 
fruit, particularly a pod, splits open along a discrete layer of cells, eventually 
resulting in the separation of the valves and subsequent shedding of the seeds 
contained within the fruit, particularly the pod. Pod dehiscence occurs in a large 
variety of plants that develop dry fruits, such as in most genera of the Cruciferae. 

The term "dehiscence zone" (DZ) in its most general sense includes the 
tissues in the zone along which a plant organ or structure splits open during the 
process of dehiscence. Macroscopically the DZ can usually be recognized by the 
presence of a clear suture in the organ. In the strict sense the DZ may comprise a 
region of only 1-3 parenchymatous cells wide. In a pod, this region usually 
comprises densely packed cells and is adjacent to the periphery of vascular 
tissue of the replum separating it from the valve edg s. For the purpose of this 
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invention the DZ may also include the cell layers surrounding this region. The DZ 
extends from the locule of the pod to the epidermal suture. 

As used herein, the term "promoter" denotes any DNA which is 
5 recognized and bound (directly or indirectly) by a DNA-dependent RNA- 

polymerase during initiation of transcription. A promoter includes the transcription 
initiation site, and binding sites for transcription initiation factors and RNA 
polymerase, and can comprise various other sites (e.g., enhancers), at which 
gene regulatory proteins may bind. 

10 

As used herein, the term "plant-expressible promoter" means a promoter 
which is capable of driving transcription in a plant cell. This includes any promoter 
of plant origin, but also any promoter of non-plant origin which is capable of 
directing transcription in a plant cell, i.e., certain promoters of viral or bacterial 
15 origin such as the CaMV 35S or the T-DNA promoters. 

The term "regulatory region", as used herein, means any DNA, that is 
involved in driving transcription and controlling (i.e., regulating) the timing and 
level of transcription of a given DNA sequence, such as a DNA coding for a 

20 protein or polypeptide. For example, a 5' regulatory region (or promoter region) is 

a DNA sequence located upstream (i.e., 5') of a coding sequence and which 
comprises the promoter and the ^-untranslated leader sequence. A 3* regulatory 
region is a DNA sequence located downstream (i.e., 3') of the coding sequence 
and which comprises suitable transcription termination (and/or regulation) signals, 

25 including one or more polyadenylation signals. 

As used herein, the term "cell wall hydrolase" means an enzyme that is 
involved in the degradation of cell wall material, e.g., during the process of 
dehiscence. Examples of such enzymes include, but are not limited to, 
30 polygalacturonase, cellulase (beta-1,4-glucanase), beta-galactosidase, proteases 

hydrolyzing cell wall proteins, and the like. 



The term "gene" means any DNA fragment comprising a DNA region (the 
"transcribed DNA region") that is transcribed into a RNA molecule (e.g., a mRNA) 
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in a celt under control of suitable regulatory r gions, .g., a plant expressibl 
promoter. A gene may thus comprise several operably linked DNA fragments 
such as a promoter, a 5' untranslated leader sequence, a coding region, and a 3' 
untranslated region comprising a polyadenylation site. An endogenous plant 
gene is a gene which is naturally found in a plant species. A chimeric gene is any 
gene which is not normally found in a plant species or, alternatively, any gene in 
which the promoter is not associated in nature with part or all of the transcribed 
DNA region or with at least one other regulatory regions of the gene. 

The term "expression of a gene" refers to the process wherein a DNA 
region under control of regulatory regions, particularly the promoter, is transcribed 
into an RNA which is biologically active i.e., which is either capable of interaction 
with another nucleic acid or which is capable of being translated into a 
biologically active polypeptide or protein. A gene is said to encode an RNA when 
the end product of the expression of the gene is biologically active RNA, such as 
an antisense RNA or a ribozyme. A gene is said to encode a protein when the 
end product of the expression of the gene is a biologically active protein or 
polypeptide. 

The phenotypic effect of expression of a gene refers to the biochemical, 
physiological and/or developmental effects of the production of the RNA or 
protein, encoded by the gene, on the plant cells (or plants) in which it is 
produced. Phenotypic effects of gene expression may be reduced or prevented 
by reducing or preventing the production of the encoded RNA or protein, or by 
otherwise interfering with the biological activity of such RNA or protein. 

As defined herein, whenever it is stated in the specification that a H cDNA 
of such mRNA comprises the nucleotide sequence of SEQ ID No X" the RNA 
thus has the same nucleotide sequence as represented in SEQ ID No. X except 
that the U-residues (in the RNA sequence) are replaced by T-residues ( in the 
DNA sequence). 

In accordance with this inv ntion, DZ-selective cDNAs and their 
corresponding plant genomic DNA fragments are identified as follows : 
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1) a cDNA library is constructed starting from mRNA isolated from DZ 
tissue and the cDNA library is subjected to differential screening in order 
to identify an mRNA which is selectively present in tissues of a particular 

5 DZ when compared to other plant tissues including but not limited to: pod 

walls, seeds, replum, leaves, stems, roots, reproductive organs, and the 
like. Alternatively, the cDNA library is screened with oligonucleotides, that 
are deduced from a determined amino acid sequence of an isolated 
protein, such as, for example, a cell wall hydrolase, that is identified to be 
10 selectively present in the DZ. Furthermore, it is possible to use the same 

oligonucleotides in a nested-PCR approach and to use the amplified 
fragment(s) as a probe to screen the library. The DZ-selective cDNA 
library can be constructed from a pool of mRNAs, isolated at different 
stages of DZ development; 

15 

2) a cDNA, encoding the DZ-selective mRNA or protein, is isolated and 
characterized; 

3) this cDNA is used as a probe to identify and isolate the region in the 
20 plant genome, comprising the nucleotide sequence encoding the DZ- 
selective mRNA or protein. Alternatively, the genomic DNA can be 
isolated utilizing inverse PCR using oligonucleotides deduced from the 
cDNA sequence; and 

4) optionally, RNA probes corresponding to the cDNAs are constructed 
and used in conventional RNA-RNA in-situ hybridization analysis [see 
e.g., De Block et al. (1993), Anal. Biochem. 215: 86] of different plant 
tissues, including the particular DZ of interest, to confirm the selective 
presence of the mRNA produced by the presumed DZ-selective 
endogenous plant gene in that DZ. 

The term "dehiscence zone-selective", with respect to the expression of a 
DNA in accordance with this invention, refers to, for practical purposes, the highly 
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sp cific, pref rabl'y xclusive, xpression of a DNA in cells of ne particular DZ, 
particularly a pod DZ, or a limited series of DZs. 

Thus a DZ-selective gene is an endogenous gene of a plant that is 
selectively expressed in the cells of certain dehiscence zones, particularly in the 
cells of the pod dehiscence zone of the plant Any plant which possesses the DZ 
of interest may be used for the isolation of DZ-selective genes. Suitable plants for 
the isolation of DZ-selective genes are plants of the family Cruciferae including 
but not limited to Arabidopsis thaliana, Brassica campestris, Brassica juncea, and 
especially Brassica napus\ plants of the family Leguminosae including but not 
limited to Glycine max, Phaseolus vulgaris and the like. The mRNA (or the cDNA 
obtained thereof) transcribed from such a gene is a DZ-selective mRNA (or 
cDNA). A promoter that drives and controls the transcription of such a mRNA is 
referred to as a DZ-selective promoter. A DZ-selective promoter can for instance 
be used to express a cytotoxic gene (e.g., a bamase gene) in a plant so that 
normal growth and development, and agronomical performance (as measured for 
instance by seed yield) of the plant is not negatively affected by expression of the 
cytotoxic gene in cells other than the DZ cells, preferably in cells other than the 
pod DZ cells. 

Once the DZ-selective gene (i.e., the genomic DNA fragment, encoding 
the DZ-selective mRNA from which the DZ-selective cDNA can be prepared) is 
obtained, the promoter region containing the DZ-selective promoter is determined 
as the region upstream (i.e., located 5* of) from the codon coding for the first 
amino acid of the protein encoded by the mRNA. It is preferred that such 
promoter region is at least about 400 to 500 bp, preferably at least about 1000 
bp, particularly at least about 1500 to 2000 bp, upstream of the start codon. For 
convenience, it is preferred that such promoter region does not extend more than 
about 3000 to 5000 bp upstream of the start codon. The actual DZ-selective 
promoter is the region of the genomic DNA upstream (i.e., 5') of the region 
encoding the DZ-selective mRNA. A chimeric gene comprising a DZ-selective 
promoter operably linked to the coding region of the flus gene [Jefferson et al. 
(1986), Proc. Natl. Acad. Sci. USA 83: 8447] will selectively produce, in 
transgenic plants, detectable b ta-glucuronidase activity (encoded by the gus 
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gene)in the cells of th particular DZ of interest, as assayed by conventional in- 
situ histochemical techniques [De Block and Debrouwer (1992), The Plant 
Journal 2:261; De Block and Debrouwer (1993), Planta 189: 218]. 

Preferred DZ-selective genes from which DZ-selective promoters can be 
obtained, are genes, preferably Brassica napus genes, that encode a DZ- 
selective mRNA from which a cDNA can be prepared that contains the sequence 
corresponding to the sequence of oligonucleotide PG1 (SEQ ID No 2) between 
nucleotide positions 11 and 27 and/or the sequence of oligonucleotide PG3 (SEQ 
ID No 4) between nucleotide positions 11 and 27(i.e., starting at position 11 and 
ending at position 27); and/or contains the sequence complimentary to the 
oligonucleotide PG2 (SEQ ID No 3) between nucleotide positions 11 and 25 
and/or the sequence of the oligonucleotide PG5 (SEQ ID No 5) between 
nucleotide positions 11 and 27. Preferably, such DZ-selective cDNA contains 
aforementioned sequences of oligonucleotides PG1 and PG3 and PG2 and PG5, 
or encodes a protein encoded by the region of SEQ ID No 1 between nucleotide 
positions 95 and 1,393. 

A particularly preferred DZ-selective gene is the Brassica napus gene that 
encodes a DZ-selective mRNA from which a cDNA can be prepared that contains 
the sequence of SEQ ID No 1 at least between nucleotides 10 and 1600. Another 
preferred DZ-selective gene is the Brassica napus gene, that encode a DZ- 
selective mRNA from which a cDNA can be prepared that contains the sequence 
of SEQ ID No 10. 

A preferred promoter of the present invention is the promoter contained in 
the 5' regulatory region of a genomic clone corresponding to the cDNA of SEQ ID 
No 1, e.g., the 5* regulatory region with the sequence of SEQ ID No 13 starting at 
position 1 and ending at position 2,328. A more preferred promoter region is the 
DNA fragment comprising the sequence of SEQ ID No 13 starting anywhere 
between the unique $ph\ site (positions 246-251) and the Hindi) site (positions 
1.836-1,841), particularly between the Sph\ site and the SamHI site (positions 
1,051-1,056), and ending at nucleotide position 2,328 (just before the ATG 
translation start codon). Such a promoter region compris s the DZ-selective 
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promoter of the subject invention and the 5' untranslated leader region and is 
used for the construction of DZ-selective chimeric genes. In this regard a more 
preferred promoter region is the DNA fragment (hereinafter referred to as "PDZ") 
with the sequence of SEQ ID No 13 between positions 251 (the Sphl site) and 
2,328. 

However, smaller DNA fragments can be used as promoter regions in this 
invention and it is assumed that any fragment of the DNA of SEQ ID No 13 which 
comprises at least the about 490 basepairs, more preferably at least about 661 
basepairs and most preferably about 1326 basepairs. upstream from the 
translation initiation codon can be used. Particularly preferred smaller fragments 
to be used as promoter region in this invention have a DNA sequence comprising 
the sequence of SEQ ID No 13 between the nucleotides 1002 and 2328. 

It is assumed that the DZ-specificity of the promoter of the 5' regulatory 
region of SEQ ID No 13 can be considerably improved by inclusion of the 
nucleotide sequence of SEQ ID No 13 between nucleotides 1002 and 1674. 
Therefore promoters comprising this nucleotide sequence are particularly 
preferred. 

Alternatively, artificial promoters can be constructed which contain those 
internal portions of the promoter of the 5' regulatory region of SEQ ID No 13 that 
determine the DZ-selectivity of this promoter. These artifical promoters can 
contain a "core promoter" or TATA box region" of another promoter capable of 
expression in plants, such as a CaMV 35S TATA box region" as described in W0 
93/19188. Suitable promoter fragments or artificial promoters can be identified, 
for example, by their approriate fusion to a reporter gene (such as the gus gene) 
and the detection of the expression of the reporter gene in the appropriate 
tissue(s) and at the appropriate developmental stage. It is known that such 
smaller promoters and/or artificial promoters comprising those internal portions of 
the 5' regulatory region of SEQ ID No. 13 that determine the DZ selectivity can 
provide better selectivity of transcription in DZ-specific cells and/or enhanced 
levels of transcription of the transcribed regions of the DZ-selective chimeric 
gen s of the invention. 
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Besides the actual promoter, the 5* regulatory region of the DZ-selective 
gene of this invention also comprises a DNA fragment encoding a 5' untranslated 
leader (5'UTL) sequence of an RNA located between the transcription start site 
5 and the translation start site. It is assumed that the 5' transcription start site is 

located between position 2.219 and 2,227 (in SEQ ID No 13), resulting in a 5'UTL 
of about 102 to 110 nucleotides in length. It is also assumed that this region can 
be replaced by another 5'UTL, such as the 5'UTL of another plant-expressible 
gene, without substantially affecting the specificity of the promoter. 

10 

Other useful DZ-selective genes or cDNAs for use in this invention are 
those isolated from other sources, e.g., from other cultivars of B. napus or even 
from other plant species, for instance by using the cDNA of SEQ ID No 1 (or SEQ 
ID No 10) as a probe to screen genomic libraries under high stringency 

15 hybridization conditions using conventional methods as described in Nucleic Add 

Hybridization: A Practical Approach (1985), IRL Press Ltd UK (Eds. B.D. Hames 
and SJ. Higgins). A useful gene for the purpose of this invention is thus any 
gene characterized by encoding a mRNA from which a cDNA variant can be 
prepared that contains a coding region with a nucleotide sequence that is 

20 essentially similar to that of the coding region of the cDNA clone of SEQ ID No 1, 

and coding for a protein with polygalacturonase activity! Also promoter regions 
and promoters can be identified, for example, using such cDNA variants, which 
are essentially similar to a promoter region or promoter with a sequence as 
contained in SEQ ID No 13. 

25 

With regard to nucleotide sequences (DNA or RNA), such as sequences 
of cDNAs or of regulatory regions of a gene, "essentially similar" means that 
when two sequences are aligned, the percent sequence identity -i.e., the number 
of positions with identical nucleotides divided by the number of nucleotides in the 
30 shorter of the two sequences- is higher than 80%, preferably higher than 90%, 

especially with regard to regulatory regions. The alignment of the two nucleotide 
sequences is performed by the Wilbur and Lipmann algorithm [Wilbur and 
Lipmann (1983), Proc. Nat. Acad. Sci. U.S.A. 80: 726] using a window-size of 20 
nucleotides, a word length of 4 nucleotides, and a gap penalty of 4. 
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Two essentially similar cDNA variants will typically encode proteins that 
are essentially similar to each other. For example, a variant of the cDNA of SEQ 
ID No 1 will typically encode a protein with an amino acid sequence which is 
essentially similar to the amino acid sequence of the protein encoded by the 
cDNA of SEQ ID No 1. With regard to "amino acid sequences", essentially similar 
means that when the two relevant sequences are aligned, the percent sequence 
identity -i.e., the number of positions with identical amino acid residues divided by 
the number of residues in the shorter of the two sequences- is higher than 80%, 
preferably higher than 90%. The alignment of the two amino acid sequences is 
performed by the Wilbur and Upmann algorithm [Wilbur and Upmann (1983), 
Proc. Nat Acad. Sci. U.S.A. 80: 726] using a window-size of 20 amino acids, a 
word length of 2 amino acids, and a gap penalty of 4. Computer-assisted analysis 
and interpretation of sequence data, including sequence alignment as described 
above, can be conveniently performed using the programs of the Intelligenetics™ 
Suite (Intelligenetics Inc., CA). 

In accordance with this invention, the DZ-selective cDNAs and genomic 
DNAs, as well as the regulatory regions obtained from the genomic DNAs are 
used to modify the dehiscence properties in plants, particularly pod dehiscence 
properties in Brassica napus. . 

Thus, in accordance with this invention, a recombinant DNA is provided 
which comprises at least one DZ-selective chimeric gene comprising a plant 
expressible promoter and a transcribed DNA region, one or both of which is 
derived from a DZ-selective gene of this invention. 

Expression of a DZ-selective chimeric gene in a transgenic plant will have 
phenotypic effects only in the cells of the DZ. Thus, expression of a DZ-selective 
gene may selectively prevent, suppress, inhibit or reduce the phenotypic effects 
of expression of endogenous plant genes in a certain dehiscence zone (such as 
a pod DZ), may selectively kill or disable cells of the dehiscence zone, or may 
interf re with the normal m tabolism f DZ cells, resulting in the delay or 
prevention of dehiscence, particularly pod dehiscence. For the purpose of this 
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invention, a plant cell (such as a DZ cell) is killed r disabled if either all 
biochemical and/or physiological processes of the cell are stopped or, 
alternatively, if the biochemical and/or physiological processes of the cell are 
changed to effectively reduce the extracellular production of at least one enzyme 
5 involved in the degradation of plant cell walls, particularly a pectin degrading 

enzyme such as a polygalacturonase, preferably by at least 30%, particularly by 
at least 75%, more particularly by at least 90%. 

For the purpose of the present invention, the phenotypic effects of 
10 expression of an endogenous gene in a plant cell is prevented, suppressed, 

inhibited or reduced if the amount of mRNA and/or protein produced by the cell 
by expression of the endogenous gene is reduced, preferably by at least 30%, 
particularly by at least 75%, more particularly by at least 90%. 

Plants, in which dehiscence is delayed to different extents, or even 
prevented, are produced by transforming a plant with a recombinant DNA 
comprising at least one DZ-selective chimeric gene of this invention whose 
expression in the plant results in the production of RNA or a protein or 
polypeptide which interferes to different degrees with the normal functioning of 
the cells of the dehiscence zone, for example, by reducing the phenotypic effects 
of expression of one or more endogenous genes that encode cell wall hydrolytic 
enzymes, or by killing the DZ cells. A delay in the onset of dehiscence, 
particularly fruit dehiscence, whereby pre-harvest shattering of seeds can be 
reduced or prevented, will find its application in those plants that suffer from pre- 
mature (i.e., prior to harvest) seed loss. 

In a preferred embodiment of the present invention the DZ-selective 
chimeric gene comprises a transcribed DNA region which is transcribed into an 
RNA the production of which in the cells of the DZ reduces, inhibits or prevents 
30 the expression of an endogenous gene, preferably a gene encoding a cell wall 

hydrolase, particularly an endo-polygalacturonase, in the cells of the DZ. The 
reduction of the expression of the endogenous gene can be demonstrated by the 
reduction of the cytoplasmic levels of the mRNA normally produced by the 
endogenous gene. The endogenous gene as isolated from the plant will 
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hereinafter be d signaled as th s nse gen which ncod s a sens mRNA (or 
sense pre-mRNA, i.e., an unprocessed mRNA which may include intron regions). 

It is preferred that the endogenous sense gene encodes an enzyme 
involved in cell wall hydrolysis, preferably a pectin-degrading enzyme, such as a 
pectin esterase, a pectin methyl esterase, a pectin lyase, a pectate lyase, a 
polygalacturonase and the like, and particularly an endo-PG. It is believed that 
pectin degrading enzymes, particularly endo-polygalacturonases, play an 
important role in the degradation of the middle lamella material of plant cell walls 
and in the process of dehiscence, and that selective inhibition of the production 
of such enzymes in the ehiscence zone or in the region surrounding the 
dehiscence zone (e.g., by expression of an antisense RNA to the endo-PG 
encoding mRNA) on the average delays pod shatter for at least 1 day, preferably 
2-5 days. 

Although the sense gene may encode any cell wall hydrolase, that is 
secreted by the cells of the DZ during the process of dehiscence, and that is 
involved in the degradation of cell wall material in a certain dehiscence zone, 
such as for example a cellulase, a glucanase, or a beta-galactosidase, it is 
preferred that the sense gene is an endogenous DZ-selective gene. 

Thus, in one aspect of this invention the DZ-selective chimeric gene of this 
invention encodes an antisense RNA which is complementary to at least part of a 
sense mRNA or sense pre-mRNA. Such antisense RNA is said to be directed to 
the sense RNA (or sense pre-mRNA). In this regard, the encoded antisense RNA 
comprises a region which is complementary to a part of the sense mRNA or 
sense pre-mRNA, preferably to a continuous stretch thereof of at least 50 bases 
in length, preferably of at least between 100 and 1000 bases in length. The upper 
limit for the length of the region of the antisense RNA which is complementary to 
the sense RNA is of course the length of the full-length sense pre-mRNA, or to 
the full length sense mRNA (which may or may be not processed from a sense 
pre-mRNA), produced by the plant cells can be used. However, the antisense 
RNA can be complementary to any part of the sequence of th sense pre-mRNA 
and/or of th processed sense mRNA: it may be complementary to th sequence 
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proximal to the 5' end or capping site, to part or all of the 5' untranslated region, 
to an intron or exon region (or to a region bridging an exon and intron) of the 
sense pre-mRNA, to the region bridging the noncoding and coding region, to all 
or part of the coding region including the 3* end of the coding region, and/or to all 
5 or part of the 3' untranslated region. In case the sense gene is a member of a 

gene family, it is preferred that the antisense RNA encoded by the DZ-selective 
chimeric gene of this invention contains a sequence which is complementary to a 
region of the sense RNA, e.g., a DZ-selective sense RNA, of at least 50 
nucleotides and which has a percent sequence identity (see above) of less than 
10 50 %, preferably less than 30 %, with any region of 50 nucleotides of any sense 

RNA encoded by any other member of the gene family. 

The transcribed DNA region in the DZ-selective chimeric gene of this 
invention can also encode a specific RNA enzyme, or so-called ribozyme (see, 
15 e.g., WO89/05852), capable of highly specific cleavage of the sense mRNA or 

sense pre-RNA. Such ribozyme is said to be directed to the sense RNA (or sense 
pre-mRNA). 

Expression of the endogenous gene producing a sense mRNA in a plant 
20 can also be inhibited or repressed by a DZ-selective chimeric gene which 

encodes part or all, preferably all, of such sense RNA [Jorgensen et al. (1992), 
AgBiotech News Info 4: 265NJ. 

The sense RNA to which the antisense RNA or ribozyme encoded by the 
25 DZ-selective chimeric gene of this invention is directed is preferably a mRNA, 

wherein a (doublestranded) cDNA of such mRNA comprises the nucleotide 
sequence of SEQ ID No 1 (or SEQ ID No 10) or variants thereof. A preferred 
region of the cDNA corresponding to the sense RNA to which the antisense RNA 
or ribozyme encoded by the DZ-selective chimeric gene of this invention is 
30 directed comprises a nucleotide sequence of SEQ ID No. 1 starting anywhere 

between nucleotide 890 and 950 and ending anywhere between nucleotide 1560 
and 1620, such as, but not limited to, the nucleotide sequence between 
nucleotides 952 and 1607. Another preferred region of the cDNA corresponding 
t the sense RNA to which the antisense RNA or ribozyme ncoded by the DZ- 
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selective chimeric gene of this invention is directed comprises a nucleotide 
sequence of SEQ ID No. 1 starting anywhere between nucleotide 1280 and 1340 
and ending anywhere between nucleotide 1560 and 1620, such as, but not 
limited to, the nucleotide sequence between nucleotides 1296 and 1607. 

A DZ-selective chimeric gene encoding a antisense RNA or ribozyme, as 
described above, is preferably under the control of a DZ-selective promoter. 
Particularly useful DZ-selective promoters are the promoters from the DZ- 
selective genes described above, particularly the promoter as conained within the 
5' regulatory region of SEQ ID No 13 between position 1 and 2,328. However, if 
the DZ-selective gene encodes an antisense RNA and/or ribozyme which is 
directed to a sense RNA produced by an endogenous DZ-selective gene, 
preferably a gene encoding a endo-polygalacturonase, it is not required that the 
promoter of the DZ-selective chimeric gene be a DZ-selective promoter. 
Nevertheless, in such case the promoter of the DZ-selective gene should direct 
expression at least in cells of the DZ. Indeed, because the sense RNA is 
produced selectively in the cells of the DZ, the production of the antisense RNA 
or ribozyme encoded by the DZ-selective gene in cells other than the cells of the 
DZ, will not have a noticeable phenotypic effect on such cells. Examples of 
promoters that direct expression at least in cells of the DZ are constitutive plant 
expressible promoters such as the promoter (P35S) of the 35S transcript of 
Cauliflower mosaic virus (CaMV)[Guilley et al. (1982). Cell 30: 763], or the 
promoter (Pnos) of the nopaline synthase gene of Agrobacterium tumefaciens 
[Depicker et al. (1982), J. Mol. Appl. Genet 1: 561]. 

In another preferred embodiment of this invention, the DZ-selective 
chimeric gene encodes a mRNA which, when produced in plant cells, is 
translated into a protein or polypeptide which interferes with the metabolism 
and/or physiology of the plant cells. In most cases production of such protein or 
polypeptide will be undesired in cells other than the DZ cells and in this regard it 
is preferred that such chimeric genes comprise a DZ-selective promoter. 
Particular useful DZ-selective promoters are again the promoters from the DZ- 
selective genes describ d above. 
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In on aspect of this invention the DZ-s I ctive chimeric gen f this 
invention comprises a transcribed DNA region encoding a protein the activity of 
which will result in an increase in biologically active auxins or auxin analogs within 
the cells. Such protein may for instance be involved in auxin biosynthesis, such 
5 as tryptophan monooxygenase and/or the indole-3-acetamide hydrolase, 

encoded by the Agrobacterium tumefaciens T-DNA gene 1 (iaaM) and/or gene 2 
{iaaH) t respectively [Gielen et al. (1984), The EMBO J. 3: 835], or may be the 
amidohydrolase, encoded by the Arabidopsis thaliana ILR1 gene, which releases 
active indole- 3-acetic acid (IAA) from lAA-conjugates [Bartel and Fink (1995), 

10 Science 268: 1745]. In view of the observed decline in IAA levels prior to pod 

dehiscence (see Example 1), it is thought that production of such auxin 
increasing proteins selectively in the DZ cells of a plant, will not result in the killing 
of the cells due to overproduction of IAA, but will rather result in the maintenance 
and/or restoration of the IAA levels substantially as found before the observed 

15 decline. This delays the onset of pod dehiscence, through a prolonged inhibition 

by IAA of production and/or activity of cell wall hydrolytic enzyme normally 
produced by the cells in the dehiscence zone. 



Alternatively the transcribed DNA region of the DZ-selective chimeric gene 
of this invention can comprise the open reading frame of the Agrobacterium 
rhizogenes rolB gene [Fumer et al. (1986), Nature 319: 422]. Expression of such 
DZ-selective chimeric gene in a plant will result in an increase of the sensitivity of 
the plant cells towards auxin through the production of the rolB gene product in 
cells of the pod OZ thereby countering the normal decline in IAA concentration in 
the DZ prior to pod shattering. 

In another aspect of the present invention, the DZ-selective chimeric gene 
of this invention comprises a transcribed DNA region encoding a protein, the 
activity of which results in a decrease of the sensitivity towards ethylene of the 
30 plant cells in which it is produced. Indeed, several genes involved in the ethylene 

signal transduction pathway in plants have been identified by mutational analysis 
(e.g., ETR1 t ETR2. EIN4, ERS, CTR1, EIN2. EIN3 % EIN5, EIN6, HLS1, EtR1 t 
AUX1 t E/A/7)and for a number of them, the corresponding genes have been 
cloned [Chang (1996), TIBS 21:129; Bleecker and Schaller (1996), Plant Physiol 
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111:653]. It is thought that ETR1, ETR2 t EIN4 t ERS all encode ethylene 
receptors, while the rest of the genes would be involved in the ethylene signal 
transduction pathway downstream of the receptors [Ecker (1995), Science 268: 
6671. The ethylene receptors which have been sequenced, bear homology to the 
receiver domain of the response regulator component and/or to the histidine 
protein kinase domain of the sensor component of the so-called bacterial two- 
component regulators and are divided in two classes according to the presence 
or absence of the receiver domain homology. Class I ethylene receptors 
comprise both the sensor and receiver homologous domains and are exemplified 
by ETR1 (Arabidopsis), and eTAE1 (tomato). Class II ethylene receptors 
comprise only the domain homologous to the histidine protein kinase domain of 
the sensor component and are exemplified by ERS (Arabidopsis) and NR 
(tomato). Receptors encoded by mutant alleles of the identified genes confer a 
dominant insensitivity to ethylene [Chang (1996),supra; Bleecker and Schaller 
(1996), supra]. Therefore, an example of a DZ-selective chimeric gene, 
comprising a transcribed DNA region encoding a protein whose activity results in 
a decrease of the sensitivity towards ethylene of the plant cells in which it is 
produced, is one which comprises the open reading frame of a dominant, 
ethylene-insensitive, mutant allele of the Arabidopsis thaliana ETR1 gene, such 
as ETR1-1 [Chang et al. (1 993), Science 262: 539]. A plant in which such DZ- 
selective chimeric gene is expressed produces a mutant ethylene receptor (the 
ETR1-1 protein) selectively in the cells of the DZ and these cells therefore 
become insensitive towards the phytohormone ethylene and do not respond 
(metabolically) to changes in the concentration of the hormone, such as the 
ethylene climacteric observed prior to the onset of pod dehiscence. It is thought 
that alternatively, a transcribed DNA region comprising an open reading frame of 
a dominant, ethylene-insensitive, mutant allele of any one of the mentioned class 
I ethylene receptors can be used to the same effect. In another example of such 
a DZ-selective chimeric gene, conferring ethylene-insensitivity to the plants cells 
expressing the DZ-selective chimeric gene, a transcribed DNA region comprising 
an open reading frame of a dominant, ethylene-insensitive, mutant allele of any 
one of the mentioned class II ethylene receptors, such as the Arabidopsis 
thaliana ERS g n [Hua t al. (1995), Science 269: 1712] or th omato NR g ne 
[Wilkinson et al. (1995), Science 270:1807] can be us d for the same purpose. 
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It is further assumed that the rest of the products encoded by the genes, 
involved in the ethylene signal transduction pathway, mentioned above, act 
5 downstream of the receptors. For CTR1, EIN2 and EIN3 the genes have been 

cloned [Ecker (1995), Science 268: 667]. Modulation of the expression of the 
latter genes in the dehiscence zone, e.g., by antisense RNA or ribozyme RNA, 
transcribed under control of a DZ-specific promoter, which is targetted towards 
the mentioned genes, will also influence the sensitivity towards ethylene. 

10 

In another aspect of this invention the DZ-selective chimeric gene of this 
invention comprises a transcribed DNA region encoding a protein or polypeptide 
which, when produced in a plant cell, such as a cell of a pod DZ, kills such cell or 
at least interferes substantially with its metabolism, functioning or development. 

15 Examples of such transcribed DNA regions are those comprising DNA sequences 

encoding ribonucleases such as RNase T1 and especially barnase [Hartley 
(1988), J. Mol. Biol. 202: 913]; cytotoxins such as the A-domain of diphtheria 
toxin [Greenland et al. (1983), Proc. Natl. Acad, Sci. USA 80: 6853] or the 
Pseudomonas exotoxin A. Several other DNA sequences encoding proteins with 

20 cytotoxic properties can be used in accordance with their known biological 

properties. Examples include, but are not limited to, DNA sequences encoding 
proteases such as papain; glucanases; lipases such as phospholipase A2; lipid 
peroxidases; methylases such as the E. coli Dam methylase; DNases such as the 
EcoRI endonuclease; plant cell wall inhibitors, and the like. 

In still another aspect of this invention the DZ-selective chimeric gene of 
this invention comprises a transcribed DNA region encoding a protein or 
polypeptide which is capable of being secreted from plant cells and of inhibiting 
at least the activity of at least one endo-polygalacturonase that is produced in a 
30 dehiscence zone (such as a pod DZ), particularly the endo-PG encoded by the 

cDNA of SEQ IDNo 1. 



In th DZ-s lective chimeric g n f this invent! n it is pr ferred that the 5' 
untranslated region of encoded RNA is normally associated with the promoter, 
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such as a DZ-selective promoter, of the chimeric gene. However, the 5' 
untranslated region may also be from another plant expressible gene. Thus, it is 
preferred that a DZ-selective chimeric gene of this invention comprises the 
complete 5* regulatory region (including the 5* untranslated region) of a DZ- 
selective gene. A particularly useful 5' regulatory region is a region of SEQ ID No 
13, immediately upstream of position 1,329, preferably a region of at least 490 
bp, more preferably a region extending to the first Sph\ site upstream of position 
2,329. 

The DZ-selective chimeric genes of this invention preferably also comprise 
3' untranslated regions, which direct correct polyadenylation of mRNA and 
transcription termination in plant cells. These signals can be obtained from plant 
genes such as polygalacturonase genes, or they can be obtained from genes 
that are foreign to the plants. Examples of foreign 3 1 transcription termination and 
polyadenylation signals are those of the octopine synthase gene [De Greve et al. 
(1982), J. Mol. Appl. Genet 1: 499], of the nopaline synthase gene [Depicker et 
al. (1982), J. Mol. Appl. Genet 1. 561] or of the T-DNA gene 7 [Velten and Schell 
(1985), NucL Acids /?es.13: 6998] and the like. 

Preferably, the recombinant DNA comprising the DZ-selective chimeric 
gene also comprises a conventional chimeric marker gene. The chimeric marker 
gene can comprise a marker DNA that is; under the control of, and operatively 
linked at its 5' end to, a plant-expressible promoter, preferably a constitutive 
promoter, such as the CaMV 35S promoter, or a light inducible promoter such as 
the promoter of the gene encoding the small subunit of Rubisco; and operatively 
linked at its 3 f end to suitable plant transcription termination and polyadenylation 
signals. The marker DNA preferably encodes an RNA, protein or polypeptide 
which, when expressed in the cells of a plant, allows such cells to be readily 
separated from those cells in which the marker DNA is not expressed. The choice 
of the marker DNA is not critical, and any suitable marker DNA can be selected in 
a well known manner. For example, a marker DNA can encode a protein that 
provides a distinguishable color to the transformed plant cell, such as the A1 
gene (Meyer t al. (1987), Nature 330: 677), can provide herbicide resistance to 
the transformed plant cell, such as the bar gene, encoding resistance to 
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phosphinothricin (EP 0,242,246), or can provided antibiotic resistance to the 
transformed cells, such as the aac(6') gene, encoding resistance to gentamycin 
(WO94/01560). 



5 The DZ-selective promoters of this invention are believed to be highly 

specific in activity or effect with regard to directing gene expression in cells of the 
DZ. However the characteristics (e.g., tissue-specificity) of a promoter contained 
in a chimeric gene may be slightly modified in some plants that are transformed 
with such chimeric gene. This can, for example, be attributed to "position effects" 
10 as a result of random integration in the plant genome. 

Therefore in some plants transformed with the DZ-selective chimeric gene 
of this invention low-level expression of the chimeric gene may be observed in 
certain non-DZ cells. Thus, optionally, the plant genome can also be transformed 

15 with a second chimeric gene comprising a second transcribed DNA region, that is 

under control of a second plant-expressible promoter and that encodes a RNA, 
protein or polypeptide which is capable of counteracting, preventing or inhibiting 
the activity of the gene product of the DZ-selective chimeric gene. If the DZ- 
selective chimeric gene encodes bamase it is preferred that the second chimeric 

20 gene encodes a barstar, i.e., an inhibitor of bamase [Hartley (1988), J. MoL Biol 

202: 913]. Other useful proteins encoded by the second chimeric genes are 
antibodies or antibody fragments, preferably single chain antibodies, that are 
capable of specific binding to the protein encoded by the DZ-selective chimeric 
gene whereby such protein is biologically inactivated. 

25 

Preferably the second promoter is capable of driving expression of the 
second transcribed DNA region at least in non-DZ cells of the plant to counteract, 
prevent or inhibit the undesired effects of low expression of the DZ-selective 
chimeric gene in such cells in some transformed plants. Examples of useful 
30 second promoters are the CaMV minimal 35S promoter [Benfey and Chua 

(1990), Science 250: 959] or the promoter of the nopaline synthase gene of 
Agrobacterium tumefaciens T-DNA [Depicker et al. (1982), J. Mol. Appl. Genet 
1: 561]. Other us ful promoters are prom ters from genes that are known not to 
be active in the DZ, such as Brassica napus genes encoding a mRIMA from which 
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a cDNA can be prepared that comprises the sequence of SEQ ID. No 7, SEQ ID 
No 9, orSEQIDNoH. 

In plants the second chimeric gene is preferably in the same genetic locus 
as the DZ-selective chimeric gene so as to ensure their joint segregation. This 
can be obtained by combining both chimeric genes on a single transforming 
DNA, such as a vector or as part of the same T-DNA. However, in some cases a 
joint segregation is not always desirable. Therefore both constructs can be 
present on separate transforming DNAs, so that transformation might result in the 
integration of the two constructs at different location in the plant genome. 

In still a further embodiment of the present invention, a plant with modified 
dehiscence properties can be obtained from a single plant cell by transforming 
the cell in a known manner, resulting in the stable incorporation of a DZ-selective 
chimeric gene of the invention into the nuclear genome. 

A recombinant DNA comprising a DZ-selective chimeric gene can be 
stably incorporated in the nuclear genome of a cell of a plant, particularly a plant 
that is susceptible to Agrobacterium-med\a\e6 transformation. Gene transfer can 
be carried out with a vector that is a disarmed Ti-plasmid, comprising a DZ- 
selective chimeric gene of the invention, and carried by Agrobacterium. This 
transformation can be carried out using the procedures described, for example, in 
EP 0,116,718. Ti-plasmid vector systems comprise a DZ-selective chimeric gene 
between the T-DNA border sequences, or at least to the left of the right T-DNA 
border. Alternatively, any other type of vector can be used to transform the plant 
cell, applying methods such as direct gene transfer (as described, for example, in 
EP 0,233,247), pollen-mediated transformation (as described, for example, in EP 
0,270,356, WO85/01856 and US 4,684,611), plant RNA virus-mediated 
transformation (as described, for example, in EP 0,067,553 and US 4,407,956), 
liposome-mediated transformation (as described, for example, in US 4,536,475), 
and the like. 

Other methods, such as microproj ctile bombardment as described, for 
example, by Fromm et al. [(1990), Biotechnology B: 833] and Gordon-Kamm et 
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al. [(1990), The Plant Cell 2: 603], are suitable as well. Cells of 
monocotyledonous plants, such as the major cereals, can also be transformed 
using wounded or enzyme-degraded intact tissue capable of forming compact 
embryogenic callus, or the embryogenic callus obtained thereof, as described in 
5 WO92/09696. The resulting transformed plant cell can then be used to 

regenerate a transformed plant in a conventional manner. 

The obtained transformed plant can be used in a conventional breeding 
scheme to produce more transformed plants with the same characteristics or to 
10 introduce the DZ-selective chimeric gene of the invention in other varieties of the 

same or related plant species. Seeds obtained from the transformed plants 
contain the DZ-selective chimeric gene of the invention as a stable genomic 
insert 

The following Examples describe the isolation and characterization of a 
DZ-selective gene from Brassica napus, the identification of DZ-selective 
promoter, and the use of such a promoter for the modification of dehiscence 
properties in plants. Unless stated otherwise in the Examples, all recombinant 
DNA techniques are carried out according to standard protocols as described in 
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, Second Edition, 
Cold Spring Harbor Laboratory Press, NY and in Volumes 1 and 2 of Ausubel et 
al. (1994) Current Protocols in Molecular Biology, Currant Protocols, USA. 
Standard materials and methods for plant molecular work are described in Plant 
Molecular Biology Labfax (1993) by R.D.D. Croy, jointly published by BIOS 
Scientific Publications Ltd (UK) and Blackwell Scientific Publications, UK. 

In the examples and in the description of the invention, reference is made 
to following sequences of the Sequence Listing: 



15 



20 



25 



30 SEQ ID No 1 : DZ-selective cDNA encoding a 

endo-polygalacturonase of Brassica napus 
SEQ ID No 2 : oligonucleotide PG1 
SEQ ID No 3 : oligonucleotide PG2 
SEQ ID No 4 : oligonucleotide PG3 
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SEQ ID No 5 : 


oligonud tid PG5 


SEQ ID No 6 : 


PCR Fragment BPG32-26 


SEQ ID No 7 : 


PCR Fragment KPG32-8 


SEQ ID No 8 : 


PCR Fragment LPG12-16 


SEQ ID No 9 : 


PCR Fragment LPG32-24 


SEQ ID No 10 : 


PCR Fragment LPG32-25 


SEQ ID No 11 : 


PCR Fragment LPG32-32 


SEQ ID No 12 : 


T-DNA of pGSV5 


SEQ ID No 13 : 


sequence of genomic clone comprising the DZ-selective 




promoter region driving expression of an 




endopolygalacturonase gene of Brassica napus 



In order to further illustrate the present invention and advantages thereof, 
the following specific examples are given, it being understood that the same are 
intended as illustrative and in nowise limitative. 

EXAMPLE 1 

Characterization of pod dehiscence during pod development 

Endogenous phytohormone profiles during pod development. 

Brassica napus cv Fido plants were grown in an unheated greenhouse. At 
12 days after germination plants were transferred to, and further grown in, 1000 
cm3 compost Pods were collected at one week intervals from two to eight weeks 
after anthesis. The pods were taken from the base of the terminal one of the first 
three axillary racemes. The pods were separated into dehiscence zone, pod wall 
and seeds. 

The samples were ground with a mortar and pestle and then extracted for 
16 hours at -20 °C in a total volume of 80% methanol. Purification and analysis of 
phytohormones was carried out essentially as described [Bialek and Cohen 
(1989), Plant Physiol 90: 398; Prinsen et al. (1991), in: A Laboratory Guide for 
Cellular and Molecular Plant Biology. Ed. Negrutiu and Gharti-Chhetri. Birkhauser 
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Veriag, Basel/Boston/B rlin pp. 175-1 85, pp.323-324; Chauvaux et al. (1993). J. 
Chromatogr. A 657: 337]. 

Different parts of the pods (pod wall, dehiscence zone and seeds) were 
5 screened for endogenous concentrations of the ethylene precursor 1- 

aminocyclopropane-1-carboxylic acid (ACC) and conjugates thereof as well as for 
indole-3-acetic acid (IAA) and conjugates thereof. 

A peak in ethylene evolution [see also Meakin and Roberts (1990), J. Exp. 
10 Bot. 41: 1003] was observed immediately before pod shattering; this peak was 

correlated with observed peaks of free ACC. Especially in the dehiscence zone a 
decline in IAA concentrations (free as well as conjugated forms) was observed, 
just before the onset of pod opening. This decline in IAA concentration was 
specifically correlated with an increased cellulase activity in the dehiscence zone. 

15 

In a further experiment ethylene production was inhibited by treating the 
pods with aminoethoxyvinylglycine (AVG), a competitive inhibitor of the enzyme 
ACC-synthase. AVG was applied 28 days after anthesis at 500 mg/l. This 
treatment resulted in a 40-50 % reduction of ethylene production in the entire pod 

20 and was accompanied by a delay of pod wall senescence of approximately 4 

days. Decreased endogenous ACC concentrations in both dehiscence zone and 
seeds of the treated pods correlated with the reduced ethylene production. In the 
other tissues analysed (pod wall, septum and the zone between dehiscence zone 
and pod wall) no such decrease in ACC concentrations or synthesis could be 

25 demonstrated. A decrease in endogenous IAA content in the dehiscence zone 

preceding pod opening was also observed in these experiments both in control 
and in AVG-treated plants. 

To examine the auxin involvement in pod shattering, the synthetic auxin 4- 
30 chlorophenoxyacetic acid (4CPA) was used to manipulate auxin levels. 4CPA 

was applied 35 days after anthesis as a spray at 150 mg/l in order to artificially 
keep auxin concentration at a high level during the entire period. This resulted in 
a distinct retardation in pod shatter tendency (s e Table 1), as well as a delay of 
pod wall senescence of about two weeks. No effect was observed on the 
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endogenous phytohormone concentrations. Beta-Glucanase activity however 
was markedly decreased in the dehiscence zone. These results are clearly 
indicative of the inhibitory effect of auxins on the production and/or activity of 
beta-glucanase. 

5 

The decline in auxin is a major trigger of pod shatter. 

Table 1: Force (in 10-3 N) needed to initiate and propagate pod opening as 
measured in the Cantilever bending test [Kadkol et al. [(1986), Aust J. Bot. 34: 
10 595] with pods (8% moisture) of oilseed rape cv Fido. Tested plants were either 

untreated, sprayed with AVG to reduce ethylene values, or sprayed with 4CPA to 
prevent the auxin drop. (SED: Standard Error on Differences; df: degree of 
freedom) 



15 







untreated 


AVG 


4CPA 


SED 
(27df) 


20 














To initiate 


143.6 


170.8 


194.9 


14.4 




crack 










25 
30 


To propagate 
crack 


167.1 


171.4 


222.6 


17.21 
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Dem nstration of p lygaiacturonate-degrading enzyme activity in pod 
dehiscence zones. 



Pods of oilseed rape cv Fido were harvested at 6.5 weeks after anthesis, 
5 stripped of the carpels and seeds, and crude enzyme extracts were prepared 

from tissues surrounding the dehiscence zones, including the replum with a 
vascular bundle and the thin membrane separating the two locules of the silique. 
Extracts were subsequently tested with respect to their action against polymeric 
substrates (uronic acids), using molecular weight down-shift assays, based on 

10 gel-permeation chromatography of substrate incubated with a boiled (used as 

reference) and active enzyme preparation respectively. The assay in particular 
detects enzymes with endo-activity as removal of single monosaccharides in an 
exo-fashion only changes molecular weight distribution of the polymeric substrate 
very slowly. Analysis for uronic acids was carried out essentially as described by 

15 Blumenkrantz and Asboe-Hansen [(1973), AnaL Biochem. 54: 484]. The assay 

was used here only to demonstrate the presence of enzyme activities in a strictly 
qualitative sense. 



DZ preparations from oilseed rape pods contain all enzyme activities 
20 required for a full depolymerization of pectic polymers of low degree of 

methylation. It was found that one component of the enzyme mixture was 
specifically acting on polygalacturonate polymers. It was further demonstrated 
that only endo-polygalacturonase among known plant enzymes is responsible for 
the molecular weight down-shift of the polygalacturonate preparations used. 

25 

It can be concluded that endo-polygalacturonase plays an important role 
in the extensive degradation of middle lamella material observed during pod 
dehiscence. 



30 Anatomical observations during the process of dehiscence 

Detailed examination of the structure of pod tissues has given more 
insight in the anatomical changes associat d with the biochemical processes that 
take place in the dehiscence zone. It was observed by electron microscopy that 
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rapid d hydration of the pod wall immediately pr c d s the degradation of 
parenchymatous cells situated in the dehiscence zone, mesocarp, septum and in 
the seed abcission zone. Initial signs of breakdown were shown by swelling of the 
cell walls. Subsequent cell-separation was seen only in the dehiscence zone, and 
was observed to take place along the line of the middle lamella to be followed by 
the dispersion of the microfibrils of the cell wall. Finally, all the cells of the 
dehiscence zone were observed to separate while the two valves of the pod 
remained attached only by the vascular strands which pass through the 
dehiscence zone. Analysis using electron microscopy revealed very dramatic 
degradation of the middle lamella during pod opening while the primary cell wall 
was left essentially intact but for some thinning and softening processes. These 
observations indicate that any processes in the primary cell wall are accessory to 
the degradation of the middle lamella. 

The complete dissolution of the middle lamella of cells in the dehiscence 
zone indicates the presence of pectin degrading enzymes such as endoPG. 
While such enzymes degrade charged portions of the middle lamella pectins, 
other polysaccharide hydrolases, with affinity towards neutral polymers, are 
involved tocomplete the depolymerization of the middle lamella. 

A beta-galactanase and a beta-glucanase were purified to homogeneity. 
Detailed investigation of the substrate specificity indicated that these enzymes 
are involved in thinning of the primary cell wall in the dehiscence zone. 

EXAMPLE 2 

Isolation of a DZ-selective endo-polyqalacturonase cDNA clone from 
Brassica nanus. 

Poly-A+ mRNA of pod dehiscence zones of Brassica napus cv Topaz 
plants was prepared as follows. Twenty grams of tissue (leaves, dehiscence 
zones, pod walls, roots or stems) were ground in liquid nitrogen and 
homogenized for 30 seconds in a Waring blend r with 100 ml of xtraction buffer 
(4M guanidinium thiocyanate, 25 mM sodium citrate, pH 7.0, 0.5% sarkosyl, 0.1 M 
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2-mercaptoethanol). The homogenat was transferred to a fresh tube and 1/10 
volume of 2M sodium acetate. pH 4.0, and 1 volume of TE saturated 
phenol/chloroform was added. The solution was shaked vigorously, cooled on ice 
for 15 min. and centrifuged at 10,000 x g for 15 min at 4 °C. The supernatant was 
5 re-extracted with phenol/chloroform as described above. An equal volume of 

isopropanol was added to the re-extracted supernatant and RNA was precipitated 
by an overnight incubation at -20 °C. After centrifugation at 10,000 x g for 15 min, 
the RNA pellet was dissolved in 2 ml of denaturation buffer. Fourteen ml of 4M 
UCI was then added and the solution kept in an ice-bath overnight. The RNA was 
10 pelleted by centrifugation at 10,000 x g for 15 min, washed in 80% ethanol, dried 

and dissolved in 1 ml of water. Poly-A+ RNA was isolated on an oligo-d(T) 
sepharose column according to the manufacturer's guidelines (Boehringer, 
Mannheim). 

15 Random or oligo-d(T) primed first strand cDNA synthesis was performed 

using M-MLV reverse transcriptase and 6 \ig of total poly-A+ RNA as prepared 
aboveaccording to conditions outlined by the manufacturer (Life 
Technologies/BRL). Firststrand cDNAs were used as template DNA for further 
PCR reactions. 

20 

Four degenerated primers were designed based on conserved regions 
from published polygalacturonase (PG) amino acid sequences from tomato 
[DellaPenna et al. (1986), Proc. Natl. Acad. ScL USA 83:6420; Grierson et al. 
(1986), Nucl. Acids Res. 14: 8595], maize [Niogret et al. (1991), Plant Moi Biol. 
25 17: 1155], avocado and Oenothera [Brown and Crouch (1990), The Plant Cell 2: 

263], The sequences of the four primers used (PG1, PG2, PG3 and PG5) are 
shown in SEQ ID NoS 2*5. A restriction enzyme site for EcoRI was introduced at 
the 5-end of the two upstream primers PG1 and PG3 and a SamHI site was 
introduced at the 5-end of the two downstream primers PG2 and PG5. 

30 

All PCR reactions had the following final composition: 50 mM KCI, 10 mM 
Tris-HCI, pH 8.3, 1.5 mM MgCI, and 0.001% (w/v) gelatin, 100 pmoles of 
degenerated primers and 111 f Taq DNA polymerase in a 50 fi I reaction volume. 
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After an initial d naturation of t mplate DNA at 95°C for 3 minutes in 1xPCR 
reaction buffer, the PCR reaction was initiated by adding 1U of Taq DNA 
polymerase in 1xPCR buffer (hot start PCR) using the following conditions: 1 min. 
at 95°C, 1 min. at 45°C and 1 min. at 72°C for 35 cycles followed by 72°C for 3 
min. For hot start nested PCR 2 I of a PCR reaction was applied as template in a 
new PCR reaction. The PCR products were chloroform extracted and ethanol 
precipitated, redissolved in TE and digested with the restriction enzymes SamHI 
and EcoRI. The restricted PCR products were purified from low melting agarose, 
and cloned into pGEM-7z cut with SamHI and EcoRI. DNA sequences of the PCR 
fragments were obtained by the dideoxy chain termination method using 
Sequenase version 2.0 (Pharmacia). 

The longest PCR fragment was obtained by using the PG1/PG5 primer 
combination. Hot start nested PCR was performed with the PG3/PG2. PG1/PG2 
or PG3/PG5 primer combinations using a small aliquot of the PG1/PG5 PCR 
reaction as a template. Seven highly divergent PG-related clones were identified 
by sequencing of the PCR products, indicating the presence of at least seven 
different PG isoforms. Three forms were obtained from a single tissue only, 
namely lpg32-25 (SEQ ID No 10) from dehiscence zones. kpg32-8 (SEQ ID No 7) 
from pod walls and bpg32-26 (SEQ ID No 6) from leaves. Lpg32-32 (SEQ ID No 
11), lpg32-24 (SEQ ID No 9) were found only in the two pod tissues, whereas 
Ipg12-16 (SEQ ID No 8) was obtained from all three tissues analyzed. It should 
be noted, that lpg35-8 (containing the DNA sequence of SEQ ID No 1 from 
position 884 to 1,245) was the only type identified in the dehiscence zone when 
the PG3/PG5 primer combination was used in a nested PCR reaction. 

The expression of the PG-related PCR clone lpg35-8 in roots, stems, 
leaves and hypocotyls as well as during pod development was investigated by 
Northern analysis as follows. Total RNA of individual tissues was separated by 
gel electrophoresis in 0.66 M formaldehyde/1 %agarose gel [Sambrook et al. 
(1989), supra). RNA was transferred onto Hybond-N filters and fixed to the filter 
by UV-irradiation. The filters were prehybridized for 4 hours in 5 x Denhardt, 25 
mM Na2HP04, 25 mM NaH2P04, 0.1% pyrophosphate, 750mM NaCI, 5mM 
EDTA and 100 jig/ml denatured herring sperm DNA at 68°C. The PCR products 
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wer radioactively labelled and were heat-denatured and added directly to the 
pre-hybridization buffer and hybridization was then continued for 16 hours at 
68°C. The filter was washed according to Sambrook et al. [(1989), supra] where 
the final wash was carried out at 68°C in 0.2 x SSC, 0.1% SDS. The filters were 
autoradiographed at -80°C using an intensifying screen. 

No transcripts hybridizing to the lpg35-8 clone could be detected in total 
RNA isolated from roots, stems, leaves and hypocotyls However, the lpg35-8 
clone hybridized to a 1.6-1.7 kb transcript that is exclusively expressed in the 
dehiscence zone during all stages analyzed and was found to increase 
dramatically in abundance after week 5. 

A DZ-selective cDNA library was constructed in Lambda ZAP® II insertion 
vectors (Stratagene) using 5 \ig of poly-A+ RNA isolated from dehiscence zones 
6 weeks after an the sis. cDNAs larger than 1 kbp were purified from a low 
temperature melting agarose gel and ligated into the Lambda ZAP® II vector. The 
primary library consisted of 1.25 x 106 pfu with an averaged cDNA insert size of 
app. 1.5 kbp. Library screening was done according to standard procedures at 
high stringency [Sambrook et al. (1989), supra], 

cDNAs were sequenced using Sequenase v. 2.0 (Amersham). Sequence 
analysis was performed with the GCG sequence analysis software package v. 7 
[Devereux et al. (1984), Nucl. Acids Res. 12: 387]. 

Screening 300,000 plaques with the lpg35-8 PCR-fragment as probe gave 
approximately 200 positive hybridization signals. Five strongly hybridizing plaques 
were purified to homogeneity. After excision of the insert DNA from the lambda 
vector, restriction enzyme analysis showed the cDNA inserts to be approximately 
1600 bp in all cDNA clones except one, which only had an insert of 1300 bp. 
Restriction enzyme mapping of the 4 largest cDNA inserts (designated as X, 5, 9 
and 11 respectively) showed minor differences between the 4 cDNA inserts. 

Most noteworthy is the presence of a Nsi\ restriction enzyme site in cDNA 
clones X and 11 and the presence of a Hindu sit in cDNA clone 9. In contrast 
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none of these restriction sites are present in cONA clone 5. Partial sequencing of 
the 5* and 3' cDNA ends revealed additional sequence variations including small 
deletions/insertions between the different cDNA clones. These results indicate 
the expression in the dehiscence zone of different but highly homologous PG- 
encoding genes. The sequence data also showed that the larger 4 cDNA inserts 
all contained the complete coding sequence for the PG protein. 

The complete sequence of cDNA clone X and the deduced amino acid 
sequence of its largest open reading frame is shown in SEQ ID No 1. The open 
reading frame encodes a protein of 433 amino acids in size with an estimated 
molecular weight of 46.6 kD and with considerable similarity to known endo- 
polygalacturonases. Similar to other cell wall hydrolases the presumed DZ- 
selective endo-PG is initially produced as a precursor containing a N-terminal 
signal peptide which is cleaved off co-translationally. The most likely cleavage 
site is located between amino acids 23 and 24 and gives rise to a mature protein 
with an estimated molecular weight of 44.2 kD. 

Northern analysis, using cDNA clone X as a probe, confirmed and 
extended the previously obtained expression pattern. Total RNA was prepared as 
described from different tissues of the pods (the dehiscence zone, the pod walls, 
seeds and septum) at 5 time points (2, 3, 5, 7 and 9 weeks after anthesis - WAA). 
5 jjg of total RNA was seperated by gel-electrophoresis and hybridized with the 
radiolabeled cDNA of SEQ ID No 1 as a probe under the stringent conditions 
descibed above. The autoradiogram was developed after overnight exposure. At 
2 WAA, no signal was detectable; at 3 WAA a faint signal was observed. Based 
on densitometry scannings and readings, the expression level measured at time 
point 5 WAA was about 3.5x the amount seen at 3 WAA; at 7 WAA was about 
7x the amount seen at 3 WAA; and at 9 WAA was about 12 times the amount 
seen at 3 WAA. No signal was detected in the pod walls or seeds. Faint 
expression (comparable with the level in the DZ at 3 WAA) was measured in the 
septum at 9 WAA . 

The RNA used in this xperim nt has b n xtracted from the respective 
tissues of plants for which the pod development took about 9 weeks. 
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EXAMPLE 3 

5 Isolation of a DZ-selective promoter from a B. napus genomic clone 

corresponding to the cDNA clone Ipq 35*8. 

A commercially available lambda EMBL3 Brasstca napus cv. Bridger 
genomic library (Clontech Laboratories, Inc.) in Escherichia coli strain NM538 was 

10 screened as follows. After transfer to Hybond-N nylon membranes, the lpg35-8 

cDNA was radioactively labelled using random priming, and the filters were 
hybridized under high stringency conditions in SxSSPE, SxDenhardt, 0.5 % SDS, 
50 ng/ml herring DNA (IxSSPE: 0.18 M NaCI, 10 mM sodium phosphate. pH 7.7, 
1 mM EDTA) and washed under high stringency conditions (68°C, 0. IxSSPE, 0.1 

15 % SDS in the final wash). Approximately 600,000 plaques were screened and 

eleven hybridizing plaques were isolated. Two hybridizing plaques, lambda 2 and 
11, were rescreened twice. Following the second rescreening phage lysates were 
made from lambda 2 and 11 on E. coli NM538 grown without maltose. DNA 
preparations from lambda 2 and lambda 11 were digested with Sa/I, subjected to 

20 gel electrophoresis and transferred to Hybond-N nylon membrane. Hybridization 

with the labelled lpg35-8 cDNA clone, resulted in identical hybridization patterns 
for both clones. A strongly hybridizing 6.3 kb Sail fragment was isolated from 
lambda 11 and inserted into pUC18, resulting in the master clone 6. 3 Sal. In order 
to confirm 6.3Sal as corresponding to Ipg35-8 t a sequencing primer was 

25 designed enabling the determination of a DNA stretch encoding two unique 

amino acids present in lpg35-8. Dideoxy sequencing by the Sanger method 
confirmed that the isolated genomic clone 6.3Sal was in this respect identical to 
the lpg35-8 cDNA. Restriction mapping of this clone demonstrated that K covered 
the entire lpg35-8 open reading frame and contained moreover app. 100 to 200 

30 bp of downstream sequence and app. 3.5 kb of upstream sequence. The DNA 

sequence of a stretch of about 2.3 kb (including the promoter, the 5' untranslated 
region and the first 24 nucleotides of the open reading frame) was determined 
and is presented in SEQ ID No 13. 
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In view of the fact that the cDNA clone (SEQ ID No 1) and the genomic 
clone (SEQ ID No 13) were isolated from different S. napus cultivars (resp. 
cv.Topaz and cv.Bridger), it was surprisingly found that upon alignment of both 
sequences the overlapping fragment displayed 100 % sequence identity . 

The transcription start site of the DZ selective gene corresponding to the 
gene contained in the 6.3Sal clone is determined using generally known 
techniques such as primer extension analysis [Sambrook et al. (1989) Molecular 
Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory 
Press, NY] or RACE-PCR [Innis et al. (1990) PCR Protocols: A Guide to Methods 
and Applications, Academic Press Inc.]. The 5'UTL is thought to be located 
between positions 2,219 and 2,227 of SEQ ID No 13. 

Using well-established site-directed mutagenesis techniques [Ausubel et 
al. (1994), supra], the DNA sequence is modified to create a unique restriction 
enzyme (e.g., Nco\) recognition site around the ATG translation initiation codon of 
the coding sequence. This allows a straightforward fusion of the promoter region 
of the DZ-selective gene to a DNA sequence of interest to construct a DZ- 
selective chimeric gene of this invention. Using a unique restriction enzyme 
recognition site located between 500 to 2,000 base pairs upstream (i.e., 5') of the 
unique restriction site surrounding the ATG translation initiation codon, a well 
defined DNA fragment is isolated, that is subsequently used as a promoter 
cassette, hereinafter referred to as PDZ, that directs DZ-selective expression in 
plants. 

For example, a Sphl-Afcol fragment (of about 2.08 kb), which is capable of 
directing DZ-selective expression in plants, is then subsequently used as a 
promoter cassette, hereinafter referred to as PDZ1. 

A DZ-selective chimeric gene (PDZ or PDZ1-gus-3'nos) is constructed 
comprising the following operably linked DNA fragments : 

- PDZ or PDZ1 : the 5' regulatory region comprising a DZ-selectiv promoter, 

- gus : a DNA fragment coding for beta-glucuronidase [Jefferson et al. (1986) 
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Proc. Natl. Acad. Sci. USA 83: 8447]; 
* 3'nos : the 3* untranslated end comprising the polyadenylation site of the 
nopaline synthase gene C3'nos")[Depicker et al. (1982), J. Mol. Appi. Genet 
1: 561]. 

A second promoter cassette which is capable of directing DZ-selective 
expression in plants, was obtained using well-established site-directed 
mutagenesis techniques to modify the ONA sequence to create a unique 
restriction site immediately upstream of the ATG translation initiation codon of the 
coding sequence. For this purpose a Sma\ site has been engineered, 
immediately upstream of the ATG-codon, by changing the A-nucleotides of SEQ 
ID No. 13 at positions 2327 and 2328 into G-nucleotides . The Sphl-Smal 
fragment of about 2.1kb, hereinafter referred to as promoter cassette PDZ2, was 
fused at the Smal site upstream of the GUS coding region in the plasmid pBI101 
(Clontech Laboratories, Inc CA, USA), resulting in a plasmid (2.1guspgem7) 
carrying the chimeric PDZ2-Qus-3'nos gene construct 

A chimeric selectable marker gene PSSU-bar-3'ocs was constructed [De 
Almeida et al. (1989), Mol Gen. Genet. 218: 78]. It comprises the following 
operably linked DNA fragments: 

- PSSU : the promoter region of Arabidopsis thaliana ribulose-1 ,5-biphosphate 
carboxylase small subunit 1A encoding gene [Krebbers et al. (1988), Plant 
Mol. Biol. 11:745), 

- barj the region of the bar gene encoding phosphinothricin acetyl 
transferase[Thompson et al. (1987), The EMBO J. 6: 2519], 

- 3'ocs : a 3' untranslated end comprising the polyadenylation site of the 
octopine synthase gene [De Greve et al. (1983), J. Mol. Appi Genet. 1: 499]. 

Alternatively, a PSSU-bar-3'g7 was constructed comprising identical 
fragments as the proceeding chimeric selectable marker gene, except that the 3' 
ocs was replaced by the 3' untranslated end comprising the polyadenylation site 
of the T-DNA gene 7 <3'g7; Velten and Schell (1985), Nucl. Acids Research, 13, 
6981). 
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Both the DZ-selective chimeric gene (PDZ2-gus-3'nos; cloned as a Hind\ll- 
Xho\ fragment of about 4.2 kb) and the chimeric marker gene (PSSU-bar-3'g7) 
were introduced into the polylinker located between the border sequences of the 

5 T-DNA vector pGSV5, resulting in plasmid vector pTC0155 carrying the PD22- 

gus-3'nos and pSsuAra-bar-3'g7 chimeric gene constructs between the T-DNA 
border repeats. pGSV5 was derived from plasmid pGSC1700 [Comelissen and 
Vandewiele (1989), Nucl. Acids Res. 17: 833] but differs from the latter in that it 
does not contain a beta-lactamase gene and that its T-DNA is characterized by 

0 the sequence of SEQ ID No 12. 



EXAMPLE 4 

Construction of a c himeric gene carrying the bamase coding region under 
control of the endo-PG promoter 

A DZ-selective chimeric gene (PDZ-bamase-3'nos or PDZI- bamase -3'nos 
or PDZ2-bamase-3'nos) is constructed comprising the following operably linked 
DNA fragments : 

- PDZ or PDZ1 or PDZ2: a 5' regulatory region of Example 3, comprising a DZ- 

selective promoter, 

- bamase : a DNA fragment coding for bamase of Bacillus amyfoiiquefaciens 
[Hartley (1988), J. Mol. Biol. 202: 913], 

- 3'nos 

Both the DZ-selective chimeric gene and the PSSU-bar-3'g7or PSSU-bar- 
3'ocs chimeric marker genes are introduced into the polylinker located between 
the border sequences of the T-DNA vector pGSV5 of Example 4. 

PDZ2-bamase-3'nos between T-DNA border repeats was constructed by 
replacing the pTA29 promoter upstream of the barnas coding region in pTC099 ( 
by the PDZ2 promoter cassette. To this end the 2.1 kb (blunted) Sph\-Smal 
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fragment comprising PDZ2 was fused with its Sma\ site to the blunted A/col site 
overlapping with the ATG-codon which had been engineered at the 5' end of the 
coding sequence for the mature bamase in pTC099, resulting in the plasmid 
vector pTPR1 carrying the PDZ2- barnase -3'nos chimeric gene between the T- 
5 DNA border repeats. The T-DNA vector part of pTC099 is derived from that of 

pGSVS by insertion of an EcoRl linker (GGAATTCC) into the Smal site of the 
polylinker, and a Bgf\\ linker (CAGATCTG) into the Afcol site of the polylinker 
followed by introduction of the chimeric pTA29-barnase-3'nos gene of pTC0113 
[W096/26283] into the EcoR\ site of the polylinker. Introduction of the chimeric 
10 selectable marker gene pSSUAra-bar-3'g7 in the polylinker sequence of pTPR1 

between the T-DNA border repeats results in pTPR3. 

An additional T-DNA vector (pTPR2) is constructed wherein the DZ- 
selective chimeric gene described above (PDZ2-barQase-3'nos) is 

15 accompagnied by the flg/ll fragment of pTC01 13 [W096/26283] comprising the 

barstar coding region under control of nopaline synthase promoter (pnos-barstar- 
3'g7) inserted into the polylinker of pTPR1 between the T-DNA border repeats. 
Introduction of the chimeric selectable marker gene pSSUAra-bar-3 f g7 in the 
polylinker sequence of pTPR2 between the T-DNA border repeats results in 

20 pTPR4. 

EXAMPLE 5 

Construction of a DZ-selective chimeric gene encoding T-DNA gene 1 
25 product or the rolB gene product. 

A DZ-selective chimeric gene (PDZ-gl-3'nos) is constructed comprising 
the following operably linked DNA fragments : 

30 - PDZ or PDZ1 orPDZ2 : a 5' regulatory region of Example 3; 

comprising a DZ-selective promoter, 
- fll : a DNA fragment encoding the Agrobacterium tumefaciens tryptophan 2- 
monooxygenase (iaaM or T-DNA gene 1 product)[Gi len t al. (1984), 
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EMBO J.. 3: 835], obtained by polymerase chain reaction using 
appropriately designed primers comprising sequences respectively 
identical and complementary to the sequences immediately flanking gene 
1. 

- 3'nos 

A second DZ-selective chimeric gene (PDZ-g2-3'nos) is constructed 
comprising the following operabfy linked DNA fragments : 

- PDZ or PD21 orPDZ2 : a 5" regulatory region of Example 3 comprising a DZ- 

selective promoter, 

- g2j a DNA fragment encoding the Agrobacterium tumefaciens indole-3- 

acetamide hydrolase (iaaH or T-DNA gene 2 product)[Gielen et al. (1984), 
EMBO J. 3: 835], obtained by polymerase chain reaction amplification, 
using appropriately designed primers comprising sequences respectively 
identical and complementary to the sequences immediately flanking gene 
2. 

- 3'nos 

Both the DZ-selective chimeric gene (either PDZ-gl-3'nos alone or in 
combination with PDZ-g2-3'nos) and the PSSU-bar-3'ocs or PSSU-bar-3'g7 
chimeric marker gene are introduced into the polylinker located between the 
border sequences of the T-DNA vector pGSVS of Example 4. 

Another DZ-selective chimeric gene (PDZ-ro/B-3'nos) is constructed 
comprising the following operably linked DNA fragments : 

- PDZ : the 5' regulatory region of Example 3, comprising a DZ-selective 
promoter, 

- rolB : the open reading frame of the Agrobacterium rhizogenes ro/fl gene 
[Fumer et al. (1986), Nature 319: 422] 

- 3'nos 
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Both the DZ-selective chimeric gene and the PSSU-bar-3'ocs or the 
PSSU-bar-3'g7 chimeric marker gene are introduced into the polylinker located 
between the border sequences of the T-DNA vector pGSVS of Example 4. 

5 EXAMPLE 6 

Construction of a DZ-selective chimeric oene encoding a mutant ETR1-1 
ethylene receptor. 

10 A DZ-selective chimeric gene (PDZ-etrM-3'nos) is constructed 

comprising the following operably linked DNA fragments : 

- PDZ or PDZ1 or PDZ2 : a 5* regulatory region of Example 3, comprising a DZ- 

selective promoter, 

15 - etrl-1 : the open reading frame of the dominant, ethylene-insensitive mutant 

allele of the Arabidopsis thaliana ETR gene [Chang et al. (1993), Science 
262:239], isolated as a 2.7 kb fragment comprising the exons of the 
coding sequence separated by 5 introns obtained by PCR amplification 
using the plasmid carrying the 7.3 kb genomic EcoRI fragment comprising ' 

20 the DNA of the mutant etrl allele [Chang et al. (1993), Science 262: 539] 

and appropriately designed primers. 

- 3'nos 

Both the DZ-selective chimeric gene and the PSSU-bar-3'ocs or PSSU- 
25 bar-3'g7 chimeric marker gene are introduced into the polylinker located between 

the border sequences of the T-DNA vector pGSVS of Example 4. 

EXAMPLE 7 

30 Construction of a DZ-selective chimeric gene encoding antisense RNA 

complementary to mRNA from which the cDNA of SEQ ID No 1 can be 
prepared. 
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A DZ-selective chimeric g ne ( PDZ -anti-PG- 1 - 3'nos) was constructed 
comprising the following operably linked DNA fragments : 

• POZ or PDZ1 or PDZ2 : a 5' regulatory region of Example 3, comprising a DZ- 
selective promoter. 

- anti-PG-1 : a DNA fragment encoding an RNA which is complementary to the 
RNA encoded by the region of SEQ ID No 1 between nucleotide positions 10 
and 1600. 

- 3'nos 

To this end the CaMV35S promoter of the 35S-antisense PG construct 
comprising a DNA sequence complementary to the complete sequence of SEQ 
ID No 1 doned between a CaMV 35S promoter and a polyadenylation signal (as 
described below) was eliminated by digetion with Hindi and Xho\ t and replaced 
by the fragment comprising PDZ2. 

Both the DZ-selective chimeric gene and the PSSU-bar-3'g7 or PSSU-bar- 
3'ocs chimeric marker genes are introduced into the polylinker located between 
the border sequences of the T-DNA vector pGSV5 of Example 4. 

Another DZ-selective chimeric gene (PDZ-anthPG^-3'nos) is constructed 
comprising the following operably linked DNA fragments : 

- PDZ or PDZ1 or PDZ2 : a 5' regulatory region of Example 3, comprising a DZ- 

selective promoter, 

- anti-PG-2 : a DNA fragment encoding an RNA which is complementary to the 
RNA encoded by the region of SEQ ID No 1 between nucleotide positions 20 
and 700. 

- 3'nos 

Both the DZ-selective chimeric gene and the PSSU-bar-3'ocs or the 
PSSU-bar-3'g7 chimeric marker gene are introduced into the polylinker located 
between th border sequences of the T-DNA vector pGSV5 of Example 4. 
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Still another DZ-selective chimeric gene (PDZ- anti-PG-3 -3'nos) is 
constructed comprising the following operably linked DNA fragments : 

- PDZ or PDZ1 or PDZ2 : the 5' regulatory region of Example 3, comprising a 
5 DZ-selective promoter, 

- anti-PG-3 : a DNA fragment encoding an RNA which is complementary to the 
RNA encoded by the region of SEQ ID No 1 between nucleotide positions 

800 and 1600. 

- 3'nos 

10 

Both the DZ-selective chimeric gene and the PSSU-bar-3'ocs or the 
PSSU-bar-3'p7 chimeric marker gene are introduced into the polylinker located 
between the border sequences of the T-DNA vector pGSVS of Example 4. 

15 Three other antisense constructs were constructed comprising a CaMV 

35S promoter, a DNA sequence complementary to the complete sequence of 
SEQ ID No1, or a DNA sequence complementary to 679 bp of the 3* end of SEQ 
ID No 1 (A67), or a DNA sequence complementary to 336 bp of the 3* end of 
SEQ ID No 1 (A30), and a polyadenylation signal. The cDNA of cDNA-library 

20 clone X was excised as a EcoR\-Xhol fragment and inserted in pBluescript® 

(Stratagene, CA USA). The full length cDNA was isolated as a BamH\-Xho\ 
fragment from this plasmid and inserted into BamH\-Xho\ digested pRT100 vector 
[Topfer et al (1987) Nucleic Acids Research 15, 5890], between the CaMV35S 
promoter and polyadenylation signal. The resulting plasmid was digested with 

25 BamHI and EcoR\, treated with Klenow polymerase and self-ligated. 

The Hae\\\-Xho\ fragment of the pBluescript® plasmid with the cDNA 
insert comprising the 3' end 679 bp of SEQ ID No 1 was inserted into the Smal- 
Xho\ digested pRT100 vector, between the CaMV35S promoter and 
30 polyadenylation signal, resulting in plasmid A67. 

The A 67 construct was digested with Xba\ and Sty\, treated with Klenow 
polymerase and self-ligat d, resulting in plasmid A30, comprising the DNA 
sequence complementary to 336 bp of the 3' end of SEQ ID No 1 between the 
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CaMV35S promoter and polyadenylation signal. The chimeric genes were 
isolated as Pstl fragments. 

35S-antisense-PG chimeric genes and the PSSU-bar-3'ocs or the PSSU- 
5 bar-3'g7 chimeric marker gene are introduced into the polylinker located between 

the border sequences of the T-DNA vector pGSV5 of Example 4. 

EXAMPLE 8 

10 

Transformation of oilseed rape and characterization of the transformants. 
Agrobacfer/um-mediated transformation. 

Hypocotyl explants of Brassica napus are obtained, cultured and 
15 transformed essentially as described by De Block et al. [(1989), Plant Physiol. 91 : 

694), except for the following modifications: 

- hypocotyl explants are precultured for 3 days in A2 medium [MS, 0.5 g/l Mes 
(pH5.7), 1.2% glucose, 0.5% agarose, 1 mg/l 2,4-D. 0.25 mg/l naphthalene 

20 acetic acid (NAA)and 1 mg/l 6-benzylaminopurine (BAP)]. 

- infection medium A3 is MS, 0.5 g/l Mes (pH5.7), 1.2% glucose, 0.1 mg/l NAA, 
0.75 mg/l BAP and 0.01 mg/l gibberellinic acid (GA3). 

- selection medium A5 is MS, 0.5 g/l Mes (pH5.7), 1.2% glucose, 40 mg/l 
adenine.S0 4 , 0.5 g/l polyvinylpyrrolidone (PVP), 0.5% agarose, 0.1 mg/I 

25 NAA, 

0.75 mg/l BAP, 0.01 mg/l GA3, 250 mg/l carbenicillin, 250 mg/l triacillin, 0.5 
mg/l AgN0 3 . 

- regeneration medium A6 is MS, 0.5 g/l Mes (pH5.7) t 2% sucrose, 40 mg/l 
adenine.S0 4 . 0.5 g/l PVP, 0.5% agarose, 0.0025mg/l BAP and 250 mg/l 

30 triacillin. 

- healthy shoots are transferred to rooting medium which was A8. 100-130 ml 
half concentrated MS, 1% sucrose (pH5.0), 1 mg/l isobutyric acid (IBA), 100 
mg/l triacillin added to 300 ml periite (final pH6.2) in 1 liter vessels. 
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MS stands for Murashige and Skoog medium [Murashige and Skoog (1962), 
Physiol. Plant. 15:473). 

Hypocotyl explants are infected with Agrobacterium tumefaciens strain 
C58C1RifR carrying : 

- a helper Tkplasmid such as pGV4000 which is a derivative of pMP90 [Koncz 
and Schell (1986), Mol. Gen. Genet 204: 383) obtained by insertion of a 
bacterial chloramphenicol resistance gene linked to a 2.5 kb fragment having 
homology with the T-DNA vector pGSV5, into pMP90. 

- T-DNA vector derived from pGSV5 comprising between the T-DNA borders 

the DZ-selective chimeric gene of Example 3, 4, 5, 6, or 7 and the 
chimeric marker gene. 

Selected lines from these transformants harboring one type of the 
chimeric genes of the invention are further used for crossing experiments, 
yielding new lines comprising combinations of the chimeric genes of the 
invention. 

Characterization of transformants. 

Transformed Brassica napus plants of Example 8, comprising in their 
nudear genomes the DZ-selective chimeric gene of Example 3, were in various 
tissues of the plants using conventional in-situ histochemical techniques [De 
Block and Debrouwer (1992), The Plant Journal 2:261; De Block and Debrouwer 
(1993), Planta 189: 218]. High GUS activity was found in the DZ layer of the 
pods, as reflected by the strong staining, while no background labelling was 
observed in other pod tissues, attesting to the fact that the promoter of Example 
3 directs expression selectively in the pod DZ. 

Transformed Brassica napus plants of Example 8, comprising in their 
nuclear genomes the DZ-selective chimeric genes of Example 4, 5, 6 or 7 alone 
or in combination are characterized with respect to the following characteristics: 
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1) changes in physiological processes by analysing diminution of expression of 
targetted gene products (such as cell wall hydrolases) or diminution in the 
biochemical activities (See Blumenkratz, supra), by monitoring the heterologous 
gene expression (See, Sambrook et al supra) , or by measuring the endogenous 
levels of IAA and IAA conjugates during development (See, Example 1) 

2) changes in DZ anatomy and DZ cell walls during pod senescence by light 
microscopy and transmission electron microscopy; the extent of cell separation 
after pod opening by analysing seperated DZ surfaces with the scanning electron 
microscope (See, Example 1) 

3) changes in the mechanical properties of the DZ and their seed shatter 
resistance by analysing the shatter resistance of individual pods. This can be 
done by the cantilever test as described by Kadkol et al. [(1986), Aust. J. Bot 34: 
595]. Clamped pods are loaded as a cantilever in a "universal testing machine", 
consisting of a cross-head beam moved by actuators to which a load cell applies 
a constant force to deflect the pod. This records the displacement and the force 
necessary to initiate and propagate an opening in the pod dehiscence zone.. 
Alternatively, a first assessment of shatter susceptibility is carried out with 
detached pods subjected to controlled vibration (simulating impact with the 
canopy and machinery). The vibration consists of horizontal oscillation of fixed 
amplitude in a container with steel balls to enhance energy transfer. In yet 
another procedure, susceptibility to crack propagation is determined by friction 
measurement. In this case, the force generated due to friction between a wedge 
forced along the DZ is recorded and enables comparison of DZ tissues in 
selected, extreme examples of resistance. 

Finally, individual selected lines are subjected to per se performance 
analysis in the field. The design of these field trials is based on the cultivation of 
individual lines (homozygous for the transgene) at two locations in three 
replicates. 
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Analysis of a statistically significant number of pods from different 
transformed plants demonstrates an increase in pod shatter resistance when 
compared to untransformed control plants. 

Needless to say, the use of the OZ-selective promoter and recombinant 
DNA constructs of this invention is not limited to the transformation of the specific 
plant of the examples. Such promoter and recombinant DNA constructs can be 
useful in transforming any crop, where the promoter can drive gene expression, 
preferably where such expression is to occur abundantly in the plant cells of the 
dehiscence zone. 

Also, the use of the DZ-selective promoter of the present invention is not 
limited to the control of particular transcribed DNA regions of the invention, but 
can be used to control expression of any foreign gene or DNA fragment in a 
plant. 

Furthermore, the present invention is not limited to the specific DZ- 
selective promoter described in the above Examples. Rather, the present 
invention encompasses promoters, equivalent to the one of the Examples, which 
can be used to control the expression of a structural gene, at least substantially 
selectively in the plant cells of the dehiscence zone. Indeed, the DNA sequence 
of the DZ-selective promoter of the Examples can be modified by replacing some 
of its nucleotides with other nucleotides and/or deleting or inserting some 
nucleotides, provided that such modifications do not alter substantially the timing, 
level and tissue-specificity of expression controlled by the promoter, as measured 
by GUS assays in transgenic plants transformed with a chimeric gas gene under 
control of the modified promoter (see, Example 3). Up to 20 % of the nucleotides 
of a promoter may be changed without affecting the characteristics of the 
promoter. Such promoters can be isolated by hybridization under standard 
conditions (Sambrook et a\ t supra) using selected DNA fragments of SEQ I.D. NO. 
13, as described above. 

All publications (including patent publications) cited in this application are 
hereby incorporated by r f rence. 
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SEQUENCE LISTING 



45 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: Plant Genetic Systems N.V. 

(B) STREET: Jozef Plat eaustraat 22 
(C> CITY: Gent 

10 (E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP) : B-9000 

(G) TELEPHONE: 32 9 235 84 54 

(H) TELEFAX: 32 9 223 19 23 

15 (ii) TITLE OF INVENTION: Seed shattering 

(iii) NUMBER OF SEQUENCES: 13 

(iv) COMPUTER READABLE FORM: 
20 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

25 (v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 95203328.0 

(2) INFORMATION FOR SEQ ID NO: 1: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1631 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

35 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iii) HYPOTHETICAL: NO 
40 (iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brassica napus 

(B) STRAIN: cv. Topaz 



(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 95. .1393 



50 (ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 821. .837 

(D) OTHER INFORMATION:/ label = PG1 

/note= "region of endo-PG cDNA corresponding to 
55 oligonucleotide PG1" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 95. .163 

60 (D) OTHER INFORMATION : /label = SP 

/note= "region encoding the presumed endo-PG signal peptide" 

(ix) FEATURE: 

(A) NAME/KEY: - 
65 (B) LOCATION: 884. .900 

(D) OTHER INFORMATION: /label= PG3 

/note* "region of the endo-PG cDNA corresponding to 
oligonucleotide PG3 " 

70 (ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1059. .1073 

(D) OTHER INFORMATION: /label= PG2 

/note= "region of the endo-PG cDNA complementary to 
75 oligonucleotide PG2 n 
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(ix) FEATURE : 

(A) NAME/KEY: - 
<B) LOCATION: 1229. .1245 
(D) OTHER INFORMATION: /labels PG5 
5 /note* "region of the endo-PG cDNA complementary to 

oligonucleotide PG5 " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

10 





GGCACGAGAA 


AAACTGCAAA 


GAGTCTCATA 


TTAGTTCTTA 


CTCTCAAGAA 


TCAAACACAC 


60 




TCTTTCTAAA 


AAGATTAGCG 


TTTCAAACCC 


CGAAATGGCC 


CGTTGTTTTG 


GAAGTCTAGC 


120 


15 


TGTTTTCTTA 


TGCGTTCTTT 


TGATGCTCGC 


TTGCTGCCAA 


GCTTTGAGTA 


GCAACGTAGA 


180 




TGATGGATAT 


GGTCATGAAG 


ATGGAAGCTT 


CGAATCCGAT 


AGTTTAATCA 


AGCTCAACAA 


240 


20 


CGACGACGAC 


GTTCTTACCT 


TGAAAAGCTC 


TGATAGACCC 


ACTACCGAAT 


CATCAACTGT 


300 


TAGTGTTTCG 


AACTTCGGAG 


CCAAAGGAGA 


TGGAAAAACC 


GATGATACTC 


AGGCTTTCAA 


360 




GAAAGCATGG 


AAGAAGGCAT 


GTTCAACAAA 


TGGAGTTACT 


ACTTTCTTAA 


TTCCTAAAGG 


420 


25 


AAAGACTTAT 


CTCCTTAAGT 


CTATTAGATT 


CAGAGGCCCA 


TGCAAATCTT 


TACGTAGCTT 


480 




CCAGATCCTA 


GGCACTTTAT 


CAGCTTCTAC 


AAAACGATCG 


GATTACAGTA 


ATGACAAGAA 


540 


30 


CCACTGGCTT 


ATTTTGG AAG 


ACGTTAATAA 


TCTATCAATC 


GATGGCGGCT 


CGGCGGGGAT 


600 


TGTTGATGGC 


AACGGAAATA 


TCTGGTGGCA 


AAACTCATGC 


AAAATCGACA 


AATCTAAGCC 


660 




ATGCACAAAA 


GCGCCAACGG 


CTCTTACTCT 


CTACAACCTA AAGAATTTGA 


ATGTGAAGAA 


720 


35 


TGTGAGAGTG 


AGAAATGCAC 


AGCAGATTCA 


GATTTCGATT 


GAGAAATGCA 


ACAATGTTGG 


780 




CGTTAAGAAT 


GTTAAGATCA 


CTGCTCCTGG 


CGATAGTCCC 


AACACGGATG 


GTATTCATAT 


840 


40 


CGTTGCTACT 


AAAAACATTC 


GAATCTCCAA 


TTCAGACATT 


GGGACAGGTG 


ATGATTGTAT 


900 


ATCCATTGAG 


GATGGATCGC 


AAAATGTTCA 


AATCAATGAT 


TTAACTTGCG 


GCCCCGGTCA 


960 




TGGGATCAGC 


ATTGGAAGCT 


TGGGGGATGA 


CAATTCCAAA 


GCTTATGTAT 


CGGGAATTGA 


1020 


45 


TGTGGATGGT 


GCTACGCTCT 


CTGAGACTGA 


CAATGGAGTA 


AGAATCAAGA 


CTTACCAGGG 


1080 




AGGGTCAGGA 


ACTGCTAAGA 


ACATTAAATT 


CCAAAACATT 


CGTATGGATA 


ATGTCAAGAA 


1140 


50 


TCCGATCATA 


ATCGACCAGA 


ACTACTGCGA 


CAAGGACAAA 


TGCGAACAGC 


AAGAATCTGC 


1200 


GGTTCAAGTG 


AACAATGTCG 


TGTATCAGAA 


CATAAAAGGT 


ACGAGCGCAA 


CAGATGTGGC 


1260 




GATAATGTTT 


AATTGCAGTG 


TGAAATATCC 


ATGCCAAGGT 


ATTGTGCTTG 


AGAATGTGAA 


1320 


55 


CATCAAAGGA 


GGAAAAGCTT 


CTTGCGAAAA 


TGTCAATGTT 


AAGGATAAAG 


GCACTGTTTC 


1380 




TCCTAAATGC 


CCTTAATTAC 


TAAGCTGATT 


ATGTAATATA 


CATAAATACG 


TAGTATATNT 


1440 


60 


AATTATAGAT 


GCATGTATAT 


CGTTATCTAC 


GTATTGATTC 


TTGATATATA 


TAGAAAACTA 


1500 


AAGATATATG 


GGAATATACA 


TACAATAGTT 


GAGATAATTG 


TTGTCTTGTA 


TATGATTCAC 


1560 




TGAAGTTGAT 


TGCTTGTCCA 


TGAATAAATG 


AATAATATCA 


TTTCTCTAAA 


AAAAAAAAAA 


1620 


65 


AAAAAAAAAA 


A 










1631 




(2) INFORMATION FOR SEQ ID NO: 2: 











(i) SEQUENCE CHARACTERISTICS: 
70 (A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

75 (ii) MOLECULE TYPE: other nucleic acid 
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(A) DESCRIPTION: /desc = "oligonucleotide PGl" 
(iii) HYPOTHETICAL: NO 
5 (iv) ANTI-SENSE: NO 

(ix) FEATURE: 

(A) NAME /KEY: modif ied_base 
10 (B) LOCATION: 16 

(D) OTHER INFORMATION: /mod_baseo i 

/note= "N at residue position 16 represents the neutral base 
inosine" x 

15 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CCAGGAATTC AAYACNGAYG GNRTNCA 27 
20 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



30 



35 



45 



55 



60 



{ ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide PG2" 

(iii) HYPOTHETICAL: NO 

- (iv) ANTI-SENSE: NO 



(ix) FEATURE: 

(A) NAME/ KEY: modif ied_base 

(B) LOCATION: 12 

(D) OTHER INFORMATION : /mod_base= i 
40 /note= "N at residue position 12 represents the neutral base 

Inosine" 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGACGGATCC ANGTYTTDAT NCKNA 25 
(2) INFORMATION FOR SEQ ID NO: 4: 

50 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc » "oligonucleotide PG3* 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



65 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GGACGAATTC ACNGGNGAYG AYTGYAT 27 
70 (2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
75 (C) STRANDEDNESS: single 
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45 



<D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 
^ (A) DESCRIPTION: /desc = "oligonucleotide PG5" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 

10 

( ix ) FEATURE : 

(A) NAME/KEY: modified base 

(B) LOCATION: 13 

(D) OTHER INFORMATION :/mod_base= i 
15 /note= "N at residue position 13 represents inosine" 

(ix) FEATURE: 

(A) NAME /KEY : modified base 

(B) LOCATION: 16 

20 (D) OTHER INFORMATION: /mod_base* i 

/note= M N at residue position 16 represents inosine" 

(ix) FEATURE: 

(A) NAME/ KEY : modified base 
25 (B) LOCATION: 19 

(D) OTHER INFORMATION: /mod_base= i 

/note= "N at residue position 19 represents inosine" 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CACAGGATCC SWNGTNCCNY KDATRTT 27 
(2) INFORMATION FOR SEQ ID NO: 6: 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 155 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "PCR fragment BPG32-26 from 
first strand cDNA" 



(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



50 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brassica napus 

(B) STRAIN: cv. Topaz 

55 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TCGATTCAAA CCGGTTGCTC CAATGTGTAT GTTCACAATG TGAATTGTGG ACCAGGACAT 60 
60 GGCATCAGCA TAGGGAGTCT TGGTAAAGAC AGTACCAAAG CTTGTGTCTC CAATATAACA 120 
GTCAGAGATG TAGTTATGCA CAACACAATG ACTGG 155 
(2) INFORMATION FOR SEQ ID NO: 7: 

65 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 155 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
70 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "PCR fragment KPG32-B from 
first strand cDNA" 

75 



WO 97/13865 



PCT/EP96/04313 



51 

(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE : NO 

5 (vi) ORIGINAL SOURCE: 

(A) ORGANISM : Brassica napus 

(B) STRAIN: cv. Topaz 

10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TCTATTGGAG ACGGGACGAG AGACCTTCTT GTCGAAAGAG TTACATGCGG TCCGGGACAT 60 
15 GGAATCAGTA TTGGAAGCCT CGGTTTATAC GTGAAGGAGG AAGACGTCAC TGGCATCAGG 120 
GTCGTGAACT GCACCCTCAT AAACACTGAC AATGG 155 
(2) INFORMATION FOR SEQ ID NO: 8: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 
25 (D) TOPOLOGY: linear 



30 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "PCR fragment LPG12-16 from 
first strand cDNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 

35 . (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brassica napus 

(B) STRAIN: CV. Topaz 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TTTGGGAAGA AGTGACGGAG TCAAGATCCT TAACACATTC ATCTCCACCG GAGACGACTG 60 
45 TATCTCCGTT GGAGATGGGA TGAAGAACCT TCACGTGGAG AAAGTCACCT GCGGTCCAGG 120 
ACATGGAATC AGTGTCGGAA GCCTTGGAAG GTACGGAAAC GAACAGGATG TCAGCGGCAT 180 
TAGAGTCATA AACTGCACTC TCCAACAGAC TGACAACGG 219 

50 

(2) INFORMATION FOR SEQ ID NO : 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 155 base pairs 
55 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
60 (A) DESCRIPTION: /desc = n PCR fragment LPG32-24 from 

first strand cDNA" 

(iii) HYPOTHETICAL: NO 

65 (iv) ANTI -SENSE: NO 



70 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brassica napus 

(B) STRAIN : cv . Topaz 



75 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
TCCATTGGAG GCGGTACTGA AAATTTACTT GTCGAGGGCG TAGAATGTGG ACCAGGACAC 



60 



I 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI- SENSE: NO 

5 

( ix ) FEATURE : 

(A) NAME/KEY: - 

(B) LOCATION : 1 . .25 

(D) OTHER INFORMATION: /label- RB 
10 /note= "right border sequence from the T-DNA of pGSVS" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 26. .75 

15 (D) OTHER INFORMATION : /labels MCS 

/note= "Multiple Cloning Site" 

{ix) FEATURE: 

(A) NAME/KEY: - 
20 (B) LOCATION: 76. .100 

(D) OTHER INFORMATION: /labels LB 

/note= "left border sequence from the T-DNA of pGSV5 M 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

AATTACAACG GTATATATCC TGCCAGTACT CGGCCGTCGA CCGCGGTACC CGGGGAAGCT 60 
TAGATCCATG GAGCCATTTA CAATTGAATA TATCCTGCCG 100 
(2) INFORMATION FOR SEQ ID NO: 13: 



30 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2352 base pairs 
35 . (B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 



40 



£ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



45 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brassica napus 

(B) STRAIN: cv. Bridger 

(ix) FEATURE: 
50 (A) NAME/KEY: - 

(B) LOCATION: 2329. .2331 

(D) OTHER INFORMATION: /labels ATG 

/note= "translation initiation codon" 

55 (ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 246. .251 

(D) OTHER INFORMATION: /labels SphI 

/note* "SphI restriction enzyme recognition site" 

60 

(ix) FEATURE: 

(A) NAME /KEY: - 

(B) LOCATION: 1051. .1056 

(D) OTHER INFORMATION: /label* BamHI 
65 /note= "BamHI restriction enzyme recognition site" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: 1836 . .1841 

70 (D) OTHER INFORMATION: /label = Hindu 

/note= "Hindu restriction enzyme recognition site" 

(ix) FEATURE: 

(A) NAME/KEY: - 
75 (B) LOCATION: 2327. .2332 
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10 



(D) OTHER INFORMATION:/ label = Ncol 

/note= "sequence mutated to form a Ncol restriction enzyme 
recognition site (AAATGG changed to CCATGG) " 

( ix ) FEATURE : 

(A) NAME /KEY : - 

(B) LOCATION: 2219. .2227 

(D) OTHER INFORMATION: /label = transcript_star 

/note= "region containing the putative location of 

transcription 

start site" 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



70 



75 



Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

ACGAGAATCG AGAGAAACAA AAACTCTCGT CGCAAGCACA AGTTTGGGGT AGGTTGTATG 60 

GTGTAAGAAT GACGGGCCAT AGAGAATAAT GTCTTCCACT CTTGCCAAAC GGACTGAAAC 120 

CATCAGTACA TAATCCAAGG TAGACATTTC TTCTCTCATA CGCAAAGTCG GGATACTTTG 180 

ATTGGAAATG CTTCCACGCT TTTGCATCTG AAGGATGTCT GATCTCACCA TCTGTTGAGT 240 

GCTCCGCATG CCATCTCATT GGTTGCGCTG TGCGTTCAGA CAGATACAAC CTCTGCAACC 300 

TTTCCGTCAA AGGTAAATAC CACATCCTTT TATATGGCAC TGGAACTCTT CCACTCGTAT 360 

CTTTATAACG AGGCTTTCCA CAAAATTTGC ATGTAACCCG CTGTTCATCC GCCCTCCAAT 420 

AAATCATGCA GTTGTCGCTG CATACATCTA TTACCTGATA CGCCAAGACC AGCTACGAGT 480 

TTCTGAACCT CGTAGTATGA ACCAGGAGCT ACATTATTCT CGGGTAGAAT ACCTTTTACA 540 

AAATCAGCAA TCGCATCCAC ACAGTCTTCA GCCAAATTAT AATCTTTTTC AATGCCCATC 600 

AATCTTGTAG CAGATGATAA AGCTGAATGA CCATCTCTGC AACCTTCGTA CAATGGTTGC 660 

TTTCCAGCAT CCAACATATC ATAAAATTTC CTAGCTTGTG CATTGGGTAA ATCTTCCCCT 720 

CTAAAATGAT CATTTACCAT CTGCTCAGTA CCTACACCAT AATCTACATC CGTTCTAATT 780 

GGTTCTTCTA ATCTAACCGC TGGCTGAGGT TCGCTAGTAC TACCATGTTC ATAATCAGTT 840 

TCCCCATGAT GATACCAAAT TTTGTAACTT CGTGTAAACC CACTCAAATA TAGATGAGTC 900 

CAAACATCCC ACTCTTTAAT AACTTTTCTA TTTTTACAAT TAGAGCAAGA ACATCTTAAC 960 

ATACATGTTT TTGCTTCCGG TTGTCGGTGA ACTAACCCCA TGAATTCGGT TATACCTCGT 1020 

TGGTATTCTT CCGTAAGCAA TCTCGTGTTC GGATCCAAAT GAGGTCGATC GATCCAAGAA 1080 

CGAAAATAAT TTGAAGAAGA CATATTTTTT ATGAATCAAA TTCGTGTGTA AATAGAGTAA 1140 

GAGGGAGGAT GAAGATATGG AGTGAATGAA GAGGAAGAGG AGTGCTTGTA TTTATAGTTT 1200 

AAATCCTGCC GACAGACCGA GGAAATTCCG ACGGAATTCC GACGGAAAAG GCTAGTTCGT 1260 

CGGAATTTCC TCGGAATTTT GTAAAATCCC CCAGCGGCTC TCCAACGGCT ATAATATTTC 1320 

CTCGGAATTC ATCGGTTTTT TCCGAGGAAC ACATTTTTCC TCGGAATTTC CTCGGAATAT 1380 

TCCAACGGAT TGATATTTCC TCGGAATTCC GTCGGTATAT TCCAAGGAAA CCCAATTTTG 1440 

TGTTTCCTCA GAATTTCCTC AGAAATTCCT CGGGATATTC CGAGGATTTC ATTTTCCGTC 1500 

GGAATGTCCA TCAGAATACC GCTGTTTTCT TGTAGTGATT ATTATTTTTT TTTTCAGATA 1560 

AAAAAAAAAG AAATATCAAC CAATCGCTGA CTGTCACATA TTGTGGGGGC CCACAAATAG 1620 

TGCAAGGACT CACTAAGAAA AAGTTTTTAT TTTAGAATTT TAGTAATTGA ATTCTTAACT 1680 

TTTGGTGGAG TTCACTGATT ATTTAATTAT TTTTTTTTAA GAACTCACCC TTAAGAATTG 1740 

TTGTTGCGGA TGTTCTAATA TCAGCATCAC ACACCAAAAT AAAAAGCACG AAAGAGTAAA 1800 
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AGGGACCCAA 


CACTACTATC 


GAACTTTGAA 


AGACGGTTGA 


CGCCGACGTT 


TATCACTTTT 


1860 




GCTTATATGT 


TTTCAACTTT 


TTATATCTAA 


TGTAGGGATA 


TATACATCAC 


GTAATGTTAG 


1920 


5 


CTCAGTAATT 


GCACATGATG 


GAATGTTACT 


GTGAATGGTA 


TACGATGATG 


AATATAAACT 


1980 




CTTTTCTAGT 


AGAAAATAAC 


TAACTAATTA 


AACTCTCTAT 


CAATCAAGAA 


AGCAATAAAA 


2040 


10 


ATCAATAAAA 


AGATAAATTA 


AAATGGAGGG 


GAGAGGAGAT 


AAAGGTTAGA 


AGCTAGGGTG 


2100 


TGATGTTTTC 


GTATCAATCT 


CAATCTCTCT 


CCATACCTCC 


AACGCCATTA 


ATACTTGAAT 


2160 




AAACATATAA 


AATTTCTCCA 


TTGAATTGCC 


TATAAATACA 


CATACATCCC 


ACTTCTTCAA 


2220 


15 


TTTCATATTA 


CAAAAGCCTC 


CCAAAAACTG 


CAAAGAGTCT 


CATATTAGTT 


CTTACTCTCA 


2280 




AGAATCAAAC 


ACACTCTTTC 


TAAAAAGATT 


AGCGTTTCAA 


ACCCCGAAAT 


GGCCCGTTGT 


2340 


20 


TTTGGAAGTC 


TA 
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CLAIMS 

1. A plant containing at least one dehiscence zone ("DZ>selective 
chimeric gene incorporated in the nuclear genome of its cells, wherein said DZ- 
selective chimeric gene comprises the following operably linked DNA fragments: 

a) a transcribed DNA region encoding : 

1) a RNA which, when produced in cells of a particular DZ of the plant, 
prevents, inhibits or reduces the expression in said DZ cells of an 
endogenous gene of the plant encoding a cell wall hydrolase, 
particularly an endo-polygalacturonase, or, 

2) a protein or polypeptide, which when produced in said DZ cells, kills or 
disables them or interferes with their normal metabolism, physiology or 
development, 

b) a plant expressible promoter which directs expression of said transcribed 
DNA region at least in said DZ cells, provided that if said transcribed DNA region 
encodes a protein or polypeptide, or encodes an antisense RNA or ribozyme 
directed to a sense RNA encoded by an endogenous gene that is expressed 

in said plant in cells other than said DZ cells, said plant expressible promoter 
is a DZ-selective promoter, which directs expression of said transcribed region 
selectively in said DZ cells and wherein said plant is characterized by modified 
dehiscence properties, preferably delayed dehiscence, when compared to a plant 
not containing said DZ-selective chimeric gene. 

2. The plant of claim 1, in which said transcribed DNA region encodes an 
antisense RNA which is directed to a sense RNA of an endogenous gene of said 
plant encoding a cell wall hydrolase. 

3. The plant of claim 1, in which said transcribed DNA region encodes a 
ribozyme which is directed to a sense RNA of an endogenous gene of said plant 
encoding a cell wall hydrolase. 

4. The plant of claim 2 or claim 3, in which said endogenous plant gene is 
a DZ-selective gene. 
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5/ 

5. Th plant of any one of claims 2 to 4, in which said endogenous plant 
gene encodes an mRNA encoding an endopolygalacturonase. 

6. The plant of claim 5, in which said mRNA encoding said endo- 
5 polygalacturonase is a mRNA wherein a cDNA of said mRNA comprises the 

nucleotide sequence of SEQ ID No 1 or a nucleotide sequence essentially similar 
thereto. 

7. The plant of Claim 1 , in which said transcribed DNA region encodes a 
10 ribonuclease such as bamase, or a cytotoxin such as the A fragment of 

diphtheria toxin. 

8. The plant of Claim 1, in which said transcribed DNA region encodes a 
protein, which when produced in a cell of a DZ, increases the level of auxins or 

15 auxin analogs in said cell, or increases the sensitivity of said cell towards auxin or 

auxin analogs. 

9. The plant of claim 8, in which said transcribed DNA region encodes a 
protein selected from the group consisting of: tryptophan monooxygenase, 

20 indole-3-acetamide hydrolase, and amidohydrolase, 

10. The plant of claim 8, in which said transcribed DNA region encodes 
the product of the rolB gene. 

25 11. The plant of Claim 1, in which said transcribed DNA region encodes a 

protein, which when produced in a cell of a DZ, decreases the sensitivity of said 
cell to ethylene. 

12. The plant of claim 11, in which said transcribed DNA region encodes a 
30 mutant ETR1 protein which is insensitive to ethylene, preferably the ETR1-1 

protein. 
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13. The plant of Claim 1, in which said transcrib d DNA region ncodes a 
protein, which is capable of inhibiting a polygalacturonase, preferably a endo- 
polygalacturonase. 

14. The plant of any one of claims 1 to 13, in which the DZ is a pod DZ, 
preferably of a Brassica species, particularly of Brassica napus. 

15. The plant of any one of claims 1 to 14, in which said plant expressible 
promoter is a DZ-selective promoter. 

16. The plant of claim 15, in which said DZ-selective promoter is from a 
gene encoding a mRNA, wherein a cDNA of said mRNA comprises the 
nucleotide sequence of SEQ ID No 1 or a nucleotide sequence essentially 
similar thereto. 

17. The plant of claim 16, in which said DZ-selective promoter is contained 
in the 5' regulatory region with the nucleotide sequence of SEQ ID No 13 
between positions 1 and 2,328 or with a nucleotide sequence essentially similar 
thereto. 

18. The plant of any one of claims 1 to 17 in which said DZ-selective 
chimeric genes contains a promoter region comprising at least the nucleotide 
sequence of SEQ ID No 13 between positions 1,839 and 2,328 or a nucleotide 
sequence essentially similar thereto. 

19. The plant of claim 18 in which said DZ-selective chimeric genes 
contains a promoter region comprising at least the nucleotide sequence of SEQ 
ID No 13 starting between the Sph\ and BamHI site and ending at position 2,328 
or a nucleotide sequence essentially similar thereto. 

20. The plant of claim 19 in which said DZ-selective chimeric genes 
contains a promoter region comprising at least the nucleotide sequence of SEQ 
ID No 13 between positions 1 and 2,328 or a nucleotide sequence essentially 
similar thereto. 
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21. A DNA encoding an antisense RNA comprising a region of at least 50 
nucleotides which is complementary to a region of a mRNA wherein a cONA of 
said mRNA comprises the nucleotide sequence of SEQ ID No 1 or a nucleotide 
5 sequence which is essentially similar thereto. 



22. A promoter of a gene encoding a mRNA wherein a cDNA of said 
mRNA comprises the nucleotide sequence of SEQ ID No 1 or a nucleotide 
sequence which is essentially similar thereto. 

23. A DNA comprising at least the nucleotide sequence of SEQ ID No 13 
between positions 1 ,839 and 2.328 or a nucleotide sequence which is essentially 
similar thereto. 



15 24. The DNA of claim 23 which comprises at least the nucleotide 

sequence of SEQ ID No 13 starting between the Sph\ and BamHI site and ending 
at position 2,328 or a nucleotide sequence which is essentially similar thereto. 

25. The DNA of claim 24 which comprises at least the nucleotide 
20 sequence of SEQ ID No 13 between positions 1 and 2,328 or a nucleotide 

sequence which is essentially similar thereto. 



26. A DZ-selective chimeric gene of any one of claims 1 to 20. 

25 27. A plant cell or plant cell culture transformed with the DZ-selective 

chimeric gene of claim 26. 

28. A seed of a plant containing the DZ-selective chimeric gene of claim 

26. 

30 

29. A method for producing a plant with modified dehiscence properties, 
which comprises the steps of : 

a) transforming th nuclear genom of a c II of a starting plant with th DZ- 
selectiv chimeric gene f claim 26; and 
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b) regenerating a transformed plant from said transformed cell. 
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